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THE ACTION OF SALINE CATHARTICS. 

By MATTHEW HAY, M.D., Edinbueqh. 



Of the various classes of cathartics in common use the saline 
have been the most recently introduced. Common salt, it 
is true, was occasionally employed as a purgative by the 
ancients, and probably the tartrates of potash were similarly 
used by Paracelsus and his followers; but it was not until 
the discovery of sulphate of soda by Glauber in 1658, named 
by him sal mirabile, that the attention of physicians was 
drawn to this class of cathartics. Five years later, the Duke 
of Holsteiu paid 500 thalers for the secret of the preparation 
of the long famous sal polychrestus or tartarum vitriolatum, 
a mixture probably of the neutral and the acid sulphates of 
potash. Seignette, an apothecary of Eochelle, prepared, in 
1672, the double tartrate of potash and soda. Grew, in 1675, 
was the first to observe the presence of a purgative salt in the 
springs at Epsom, a salt which was afterwards shown by Dr. 
Black to be the sulphate of magnesia. Phosphate of soda was, 
in 1737, found in the urine by Hellot, and, some fifty years later, 
it was introduced into medicine as a purgative by Dr. Pearson. 
So that, by the commencement of the present century all the 
principal cathartic salts now in use had been discovered. 

In a few of the works on the materia medica published towards the 
close of the last century, as those of Cullen and of Lewis, some attempt 
was made to indicate the manner in which the salts produced purgation; 
but, in the absence of experiment, and with a very imperfect know- 
ledge of alimentary physiology, the opinions expressed are of little or 
no value. The firat scientific explanation of their action was based 
upon the discoveries of Fischer and of Dutrochet,^ who had demon- 
strated the remarkable physical property of salts known as osmosis. 
Poisseuille,2 in a very ingenious monograph, believed • to have found 

^ Dutrochet, Recherches sur Vendosmose et Veocosmose, Paris, 1828. 
* Poissenille, Recherch. experiment sur les mouvements des liquides daiis les 
tubes depetUes diametres, Paris, 1828, Comptcs rendics, t. xix. 1844, p. 94. 



2 THE ACTIOM OF SALIKE OATHAJITICS. I 

in this and other physical qualities of salts, und indeed of all drugs, a 
complete explanation of their action. That the purgative effect of 
salts was due to their endosmotic power was the moat atriting, and 
appeared the most satisfactory, of his nnmerous deductions. This view 
had been independently arrived at by Liebig,^ but not stated with 
much certainty by him nntil 1848. Both had observed the osmotic 
action of salts in relation to blood-serum and to water, but neither had 
controlled their experiments by anj on the living body. With what 
degree of care those obaerverB, especially Poisseuille, arrived at this 
conclusion, may be gathered from the fact that, paying no heed to the 
irritant or specific action a purgative may possess, and abBolutely 
regardless of what 'was long before known, that cortain of the vegetAhle 
cathartics can act as efhciently when introduced into the blood as 
when administered by the mouth, PoiaseuUle ascribed the puigativo 
action of even senna, colocynth, aloes, scanmiony, jalap, and castor 
oil to their endosmotic power, an application manifestly absurd. 

Many other observers, working vith much the same method and 
materi^ signified their adherence to the view of Liebig and Poisseuille, 
in so far aa it concerned the action of saline cathartics. The most dis- 
tinguished among these was Mateucci,^ who, in conjunction with Cima, 
has furnished physiological physics with some extremely ingenious and 
elegant experiments. Otto Funke,^ and his pupil Kmg,* from investi- 
gations with saline fluids and animal membranes, arrived at the same 
conclusion ; and, much more recently, Rabutoau ^ has endorsed the 
opinion of these physiologists, since he has observed that the injection 
of a large dose of sulphate of soda into the circulation of a dog is fol- 
lowed by constipation rather than by pni^tion, while if the same 
dose be administered by the mouth purgation will ensue, showing 
that on wMchever side of the intestinal mucous membrane the salt be 
placed there is an endosmotic flow of fluid towards it. Still more 
recently, Heidenhain,^ from not having perceived the same effect follow 
the action of a solution of sulphate of magnesia on the glandular 
structure of the colon as when pilocarpin, a glandular stimulant, was 
introduced, has concluded that the salt causes " a simple endosmotic ' 
capillary transudation, and not a real glandular secretion." 

Claude Bernard ^ was among the first to check the early progress of 
this too physical school. lie strongly objects to the experiments and 
conclusions of Poisseuille, as making no allowance for the action of tlie 

' Liebig, UatLTSueh. ilb. die Mineralqimllcn lU Sodeti u. Bmxerk. Si. di« Wirkung 
dor Salie avfdm Organiainus, WiesbBdeii, 1839. Utber die SaJUmneguty, 1848. 

' Mateucd, Lectura im the FhytiaU Fhffiwmena qf Living Bdmga, traoalatBd 
by Persira, 3847, p. 73. 

" Funko's Fhyaiulogie, Leipzig, 187S, S. 237- 

* Kmg, Nmmitila de iheoria aidesmes. , etc., Difiert., Lipaife, 18GS. 

' Babnteau, Mtmoirci de la see. d. biologic, 1888, p. 21, L'wniim mid. 1371, j 
HOB. GO et GS. Oaz. mid. dg FarU, 1879, 14 Juoe. 

' Heidsnliaiii, Phyttologie d. Abumderangewrgdnge, Hennanii'a Hdbuch. d. 
rhyriologio, 1880, Bd. v. S. 172. 

^ Claude Bemnrd, Suiitaiica taxi'ivea et mMieamenUux:!, 18G7, p. 69, U »eg. 
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nervous system and the mass of complex phenomena which constitute 
the living individual — " Partout oh il existe de la mati^re, cette mati^re 
est soumise sans doute aux lois g^n^rales de la physique et de la 
chemio ; mais, chez les Stres vivants, Taction de ces lois est ^troitment 
li^ k une foule d'autres influences qu'on ne saurait nier." Sugar, he 
says, whose endosmotic power is very high, should, according to the 
experiments of Poisseuille, act pre-eminently as a purgative. Bernard's 
criticism is, so far, thoroughly sound and justiflable ; but when he 
proceeds to state, as an objection to Poisseuille's theory, that sulphate 
of soda purges when directly introduced iuto the veins, and even better 
than when swallowed, he makes an assertion which nearly all subse- 
quent observers have failed to prove. As he quotes no experiments 
in its support, it is probable that he trusted to the statements of others^ 
or to a common, but, as will be afterwards more fully shown, an 
erroneous belief. This inaccuracy does not, however, impair the 
correctness of his conclusions ; he was seeking to establish general 
principles of medicinal action, not to discuss in particular the mode 
of action of a saline purgative. 

The theory of the endosmotic action of the salt was more power- 
fully opposed by the experimental investigations of Aubert ^ and of 
Buchheim^ and his pupil Wagner, ^ who clearly demonstrated that this 
theory did not ojffer a complete and satisfactory explanation of the 
purgative action. 

Aubert, under the direction of Jolly, whose memoir on endosmotic 
equivalents has become classical, investigated the osmotic relation of 
various salts, diuretic as well as purgative, to blood-serum, with the 
result, that he ascertained that the salt with the highest endosmotic 
power is not the most purgative, as would have been expected were 
PoisseuiUe and Liebig's theory correct. Comparing three of the most 
important purgative salts, it was found by Aubert that phosphate of 
soda possessed an endosmotic power considerably more than twice as 
great as that of sulphate of soda, while the endosmotic equivalent of 
the latter salt was nearly thrice that of sulphate of magnesia; yet 
sulphate of magnesia is probably the most powerful cathartic of the 
three, and the phosphate is certainly the weakest. The inference is 
unavoidable that the endosmotic power of a salt is no indication, or, at 
any rate, not the sole measure, of its purgative strength. 

From a few other experiments, Aubert concludes that the degree of 
concentration of the salt solution administered does not influence the 
degree of purgation, a point which I shall afterwards have to dispute. 
On the whole, he is inclined to ascribe the catharsis mainly to increased 
peristalsis, aided to some extent by the osmotic action of the salt. 

Three years later, Buchheim, one of the greatest of modern pharma- 
cologists, and whose death we had recently to deplore, conducted a 
series of experiments on himseK and his pupil Wagner. In several 
instances they estimated the quantity of the purgative salt recoverable 

* Aubert, ZeUschriftf. rationelle Medidn., Bd. i. 1851, S. 93, u. 225. 
^ Buchheim, Arch. f. physiolog. ffeilkunde, 1864, S. 93. 

* Wagner, De effectii natri sulfurid, Dissert, inaug.^ Dorpat, 1853. 
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from tlic urinii after its adminiBtration in varying doflcs and degrees of 
dilution. They arrive at much tliB same concluaiona aa Aubert, and 
attribute to increased pBristolsis- — of which they did not, any more 
than Aubert, fiimiBh direct proof — the principal action in purj^alion. 
They make the farther siiggeetion, but equally fail to prove it, that 
the water of the stools is not the result of increased secretion from the 
intestinal mucous membrane, but rather the water in which the salt 
was dissolved when administered, or with which it came in contact 
in the alimentary canal Their own experiments ought to have led 
them to an opposite conclusion ; for on no occasion did they find that 
the concentration of the solution of the salt aifacted the activity of the 
salt. In contradiction of a single and unsatisfactory experiment of 
■Aubert, they observed no purgation follow the injection of the salt 
into the circulation. In this they were supported by some experi- 
ments made in the same year by Bonders. ^ 

A few years previous to the investigations of these observers, the 
eminent chemist and physiologist, Carl Schmidt,^ had advanced a new 
theory, or rather revived the theory of many of the older pharmaco- 
logists, that the aalt excited, from the effect of local stimulation, a 
"transudation" through the capillaries of the intestine, which was 
neither an intestinal secretion nor an inflammatory exudation. He 
-based this view upon the resemblance in chemical composition of the 
purgative stool to the choleraic dejection, the latter of which he 
believed to be produced in a similar manner. This theory has not 
met with much support, Eadziejewski ' and others having proved 
that it is untenable. By some, however, and even by so high an 
authority as Hoppe-Seyler,* and by those generally who do not believe 
that the exUtence of an intestinal secretion has been sufficiently 
demonstrated, it is still regarded as the most probable of the various 
theories advanced, as Schmidt's analysis of the pnrgative dejection 
agrees very closely with that of the serous transudation of dropsy. 

To Headland,^ at this time, are we indebted for a still more novel 
view of the action of the saline cathartic, a view which boa been 
entirely ignored by all subsequent investigators. In his well-known 
work on the Action of Medicines, he had formulated a law, that all 
mi'dicines pass into the circulation before they can exercise their action 
on the body ; and, as a particular instance and proof of this, referred to 
the purgative action of certain salts. Misled by Anbert'a paper, he 
wrongly assumed that these salts purge when injected into the blood, 
and unwarrantably deduced that only after absorption into the blood, 
when administered in the usual way, could they purge, the salts being 
absorbed by the stomach and upper part of the small intestine, and in 
the process of their elimination by the glands of the lower part of the 

' Donders, Fhy$uilo(pe d. Mevsclien, Leipzig, 1869, Bd. i. S. 314. 

* Carl Solimidt, CharacUrislik d. epidtm. Cholera, LeipJiig, 1S50, S. 90, el mq. 

' Radiisjewsti, "Zur physiolog. Wirknng d. Abfiilirmittel," Reidi. «. ZW i 
Soit-Ilevmond:a Arehiv., 1870, Hft. i. S. 30, n. 87, 

• Hoppe-Soylcr, PhysioUg. CMmU, 1878, Th, ii 8. 27B, u. 3fi8. 

' HeadUnJ, Aaim of MaiHcinai, 4th eU., 1887, p. 411, nnd p. 66, et acq. 
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small intestine exciting the secretion of these glands. This belief he 
founded upon three experiments on as many dogs^ to each of which he 
administered a purgative dose (180 grains) of sulphate of magnesia. 
One he killed three-quarters of an hour afterwards; another in an 
hour and a half; and the third after two hours. By a somewhat 
imperfect method of analysis, the amount of the magnesia recoverable 
from the contents of the alimentary canal of each dog was estimated, 
and the corresponding quantity of sulphate of magnesia calculated, 
From the first dog he obtained fifty-six grains of the salt ; from the 
second, seventy-seven grains ; and from the third, ninety -seven grains. 
The conclusion appears unavoidable, that the salt is first absorbed and 
afterwards excreted. These experiments stand in opposition to the 
observations of all investigators since Headland's time, a single experi- 
ment by Carpenter* alone appearing to support them, purging having 
been produced when sulphate of magnesia was injected into the 
stomach with its pylorus ligatured. How far these observers are right, 
a large number of experiments of my own will determine. 

In the same year in which Buchheim published his paper, Colin 2 
made known a new method for ascertaining the action of a purgative 
salt on the intestine, a method which had been previously employed 
by Hunter, Magendie and others in the study of absorption, but not 
in determining the effect of purgatives. Moreau ^ did not mai:e use of 
this method until many years afterwards, although to him is generally 
and wrongly ascribed its first employment. It consisted in making an 
incision into the abdomen of the horse (Colin) or dog (Moreau), ex- 
posing the intestine, into a loop of which, separated from the remainder 
of the gut by a couple of ligatures, was injected a strong solution of 
the purgative salt. As controls, a loop was ligatured off at each end 
of the original loop, and in these no salt solution was placed. In every 
instance they found that the salt solution had largely increased in 
bulk, while the adjacent controls remained perfectly empty. These 
two observers do not, however, agree as to the nature of the secretion. 
Colin regards it as a serous exudation ; while Moreau maintains that 
it is a true stcccus eidericus. The latter is of this opinion, because the 
fluid closely resembles that obtained by division of the mesenteric 
nerves supplying the loop, an experiment for which we are indebted to 
the ingenuity of Moreau.* Both fluids did not contain more than from 
0*1 to 0*2 per cent, of albumen, a quantity much smaller than is met 
with in serous transudations. As many physiologists still doubt the 
existence of a true succus entericusj and as the proof of its existence 
and the capability of its rapid secretion is of the highest importance in 
solving the nature of purgative action, it is well to consider upon what 
grounds this fluid obtained by section of the mesenteric nerves can be 
regarded as a veritable intestinal juice, and not a mere serous transu- 

* Carpenter's Comparative Physiology, 4th ed. 

* Colin, Physiologic compart, 1854, t. i. p. 649. 

3 Mt>reau, Archiv, g^niral, d. mddedTie, VI. serie, t. xvi. p. 234, 1870. 

* Moreau, Comptes r&iiduSf t. Ixvi. p. 654 ; confirmed by Asp, Lvdvng's 
ArbeUen, 1868 ; and Radziejewski, op dt. S. 41. 
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dation. Its chemical composition, as Moreau has pointed out, clearly 
Bupportfi this belief. Uniortnnately, Moreau has nut furnished us 
with an examination of its digestive properties. What these are will 
again be discussed. In the meantime, I would advance this fiirther 
argnment in favour of the fluid being a tme secretion ; that in the 
case of certain well-known secreting glands, as the submaxillary and 
enbliDgual salivary glands, and the pancreas, Bernard,' Hoidenhain,^ 
and Bernstein * have proved that a so-called " paralytic " bnt truo 
secretion is produced by the division of all the nerves supplying these 
organs ; why not from the intestinal follicles after division of thft 
mesenteric nerves 1 

These experiments with purgatives, after the method of Colin and 
Moreau, have since been repeated with extreme care by Vulpian * 
and by Lauder Brunton,^ by Bottler ^ in the laboratory of Bem- 
stein, and by Brieger ^ at the suggeation and under the guidance of 
Cohiiheim, and invariably with the same result — the esoitation of a 
profuse secretion in the injected loop. 

Lauder Brunton's experiments were professedly a carefnJ repetition 
on the cat of those of Moreau and Vulpian, for the purpose of testing 
the accuracy of their results. He states hisbelief that the fluid secreted, 
on account of its containing little albumen, is a true intestinal secretion, 
and not a transudation. 

Bottger, in his investigation, used frogs and rabbits. The secretion, 
which was copious, was, as obtained from the latter animalit, mixed 
witli blood, and yielded a large precipitate of albumen. He believed 
that the results of his experiments were best explained by the theory 
of Carl Schmidt, as the secretion possessed the composition of a trans' 
udation. He apparently overlooked the fact that blood is not usually 
present in the purgative stools of sulphate of soda, and that its |)rosence 
in the fluid he obtained would sufBciently account for the large quantity 
of albumen. 

Brieger improved upon the method of the others to the extent, that 
he washed out the loop of intestine before injecting the saline ; so 
that the secreted fluid might be free from mixture with the remnants 
of partially digested food which were possibly present. The secretion 
obtained was yellowish in colour, and capable of digesting stareli, and 
of dissolving raw fibrin, but was without action on boiled fibrin ; it 
contained maeous and epithelial corpuscles, but no hicmocytcs. The 
macous membrane was pale and uncongested. The fluid, he concludes, 
s a tiue intestinal secretion. 

r la pTopraUs pkj/siol. etc. dai I'i^'UAdes de rorganisiM, 
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^ HeidGahaiD, Sliid. d, physielog. TtuIU. t 

' Bernstein, SiLamg^. d. Jlcad. d. Wiss. z 

* Vulpian, OoMtte midicale, 1873, p. 3 
t. I. p. 4B8, it aeq. 

' Landoi Brunton, Frad-Uiotier', vol. xiL 1874, pp. 3i2ai 

■ Hottgcr, feiir d. phynolog. Wirkung d. Ab/Mmiittel. hmug. diiisrrl. I 
Htdle. 1874. 

' Brieger, AnA. f. cxpcrim. Path. u. PAonrt. Bd. viil 1878, S. B5D 
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Vulpian's inveBtigatton is one of greater length and compleKity than 
those of the others, and requiree a more extended notice, the more aa 
he furnishes a new expIuiatiDn of the action of the salt. He ossertii 
that the salt neither excites a follicular eecretion uor a dropsical tnuiB- 
udation, hut irritates the intestinal muisous membrane, causing an 
inflammatory esudatioa. The irritation, he believes, is not produced 
directly, hut refloxly through a nervoua mechaniam involving the 
sensory nerves of the intestine, the various ganglia of the plexuses of 
Meissner and Auerbach, the solar and mesenteric plexuses, and even 
those of the lower thoracic nerves, and, finally, the vaaomotor nerves. 
In opposition to this theory of Vulpiaii, I shall so far anticipate tho 
results of my own experiments aa to deny that the salt ever excites an 
inflammatory or catarrhal irritation of the intestinal mucous membiane, 
as jadgod from an examination of the memhraue after it has been in 
contact with a solution of the salt, even ao strong as twenty per cent, ; 
and, as regards the involvement of a redox nervous mechanism, it may 
be true, but it is quite devoid of experimental proof, if we except the 
experiment oi Moreau, in which he showed the effect of the division 
of the mesenteric nerves on the intestinal secretion. Although the 
secretion is produced in this case by interference with the nerve supply, 
it does not necessarily follow that secretion cannot be excited by direct 
stimulation of the intestinal glands by the salt Vulpian asserts that 
the fluid obtained by Moreau in this experiment is not intestinal juice, 
as it has not been shown to possess any digestive power, and is more 
fluid than the true juice. He apparently foi^ets tbat Radziejewsld ' 
found that it digested starch with ease, and dissolved albumen ; and 1 
do not know that more has been satisfactorily proved for the euears 
aUericus. And, as to its fluidity, ordinary methods have failed to 
separate the juice in sufficient quantity and purity to enable us to 
form an opinion of the constancy and value of this character. 

Besides experiments with purgatives made by the method of Colin 
and Moieau, Yulpian, through an incision in the abdominal wall, 
injected into the duodenum, of the unhgatured intestine of a dog a 
quantity of a solution of the saline ; and an hour afterwards extended 
the incision upwards to the xiphoid cartilage, and downwards to the 
symphysis, and observed the appearance and movements of the intes- 
tane, as the salt solution passed towards the colon. On first exposing 
the gut, he noticed that the duodenum was reddened, and tliat gradually 
and slowly the jejunun and ileum became congested. This congestion 
he attributed to the action of the salt, but it was obviously due to the 
exposure of the delicate peritoneal surface of the intestine to the cold 
and dry atiaosphere. Many investigators,^ as well as myself, have had 
occasion to observe how quickly an inflammatory reddening suffuse? 
the walls of the gut, when it is exposed to the ordinary atmosphere ; 
two minutes are often sufficient. The conditions of the experi- 
jnent are not good, and the results, therefore, untrustworthy, 

' Rodziejewski, u;i. cil. S. 45. 
' Legros et Onimua, Jaui-n. dc Vanaii 
geest, FflSger's Arcjdv. 1872, S. 266. 
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Tnlpion also injected the eolphate of Eoda into the circulation, and 
obtained the same negative result as BQchheim, W^nei, Dondeis, and 
Rabuteau. In this he also agreed with Joljet anrl Oahouia,' who 
found from two esperimente, likewise made on dt^, that neither the 
sulphate of soda uur the sulphate of m^;nesia purge when ifo injectetl. 
That is their conclusion, altiiough the; record that two liquid bilious 
stools were evacuated during the followiug night bj the dog which 
received the latter ealL 

In the couise of his investigation, Vulpian, having become aware of 
some experiments by Lutoo,* in which the subcutaneous injection of 
sniall doees (1 decigrm.) of sulphate of magnesia in man was followed 
by purgation, repeated these experiments on dogs, ami with a like 
reaolL Ho had previously ascertained that, curiously enongb, a large 
dose (10 gnus,) of aulphat« of soda did not purge when so injected. 
Premising that the small dose is absorbed, and thereby produces its 
purgative effect, while forgetting that a similar dose injected directly 
into the blood will not purge, he proceeds to explain the negative 
result following the subcutaneotis injection of the large dose as being 
due to its non-absorption, from the amount of inflammatory irritation 
and elision it excites in the surrounding tissues ; surely a fallacious 
assumption, as at least out of the 10 grms. injected, 1 decigrm., or one 
hundredth part, must be absorbed aod pass into the circulation. 

In the following year, Carville,* at Vulpian'a suggestion, repeated 
these experiments on dogs, and, having injected subcutaneoualy a 
decigrm. of sulphate of magnesia, he killed the dogs before purgation had 
occiured. In all he found a catarrh of the whole intestine, the mucous 
membrane being congested and covered with a aanffutneous effusion. 
This Vulpian supposes to thoroughly harmonise with hia theory of in- 
flammatory irritation; but, it is certainly remarkable that, while 
the absorption of a decigrm, will so greatly infiamo the intestine, 
other investigators have never observed this condition follow the in- 
troduction of the salt in very much larger quantity into the alimentary 
canal, or its direct injection into a loop of the intestine. 

Aubert, Buchheim, and Wagner I have already referred to, as assign- 
ing to excited peristalsis of the intestines the most imporiant part in 
the production of saline catharsis. This is an opinion still very laigely 
shared by German pharmacologists, especially since it has received 
apparent confirmation in Thiry's ^ well-known communication, and in 
the laborious investigation of Radziejewski.^ 

Thiiy, whose work was carried out in the laboratory of Ludwig, 
employed n new and ingenious method for isolating a portion of the 
gut. He made an incision through the abdominal wall of a dog, and 
withdrew a loop of the small intestine, which, by dividing at its two 

' Jolyot et Cahonrs, jfrckivrs dephygiologU, 1869, p. 113, 
" Liiton, Bulletin ds la aociiU ^nM. deSeims, 1878, [i, 120. Oik, hebdom. 
1874, p. 4G6. 
' Curvtlle, Oca. hebdmn. 187<, p. iOC. 

* Thiry, Sibnmgah. d. k.k. Akad. d. WvaeiiaclMfl, Sitz. 26 Fiihr. 1804, S, ID. 
' BiuiUiejewski, op. cit. 
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extremities, he completely separated from the remainder of the intestine, 
keeping, however, its mesentery intact. The continuity of the ali- 
mentary canal he restored by carefully joining with sutures the cut 
ends of the intestine. The isolated loop was then carefully closed by 
sutures at its one extremity, which was replaced within the abdomen, 
while the other extremity, kept patent, was sewn to the margins of 
the ventral wound. In those dogs, in which the operation succeeded, 
Thiry thus contrived to have a portion of the intestine free from con- 
tact with the aliment, and communicating with the outer air by an 
abdominal fistula, accordingly ready of access and easy of observation. 
No experiment was made until at least fourteen days afterwards, which 
time was required for the healing of the wounds. 

Thiry's main object was to examine the nature of the succus entericusy 
which he hoped to have obtained abundantly by this method. In 
this he was disappointed ; for the strongest mechanical irritation of 
the mucous membrane of the isolated loop did not yield him more than 
4 grms. of secretion per hour from a loop 15 centimetres long. The 
injection of a strong solution of sulphate of magnesia equally failed to 
excite secretion. Thiry believed, from the latter experiment, to have 
furnished proof of Aubert*s theory, that the salt does not stimulate 
the intestinal secretion, but acts by increasing the peristalsis. 

There is, however, this serious objection to Thiry*s method, that 
functional disuse of the fistulous loop for fourteen days or longer with 
the concomitant severe disturbance produced by the operation, in all 
probability, seriously impaired the secretory activity of the Lieber- 
kiihnian follicles. Even the few grammes of fluid obtained by 
mechanical irritation possess, according to Hoppe-Seyler,^ exactly the 
characters of serum, and are, therefore, an inflammatory exudation, 
and not a true secretion. Schiff,^ Leube,^ Quincke,^ Paschutin,^ and 
Eadziejewski ^ have repeated these experiments, and in every instance 
with a similar result The last of these observers also administered a 
purgative dose of the salt pe?* osy and collected the fluid which dropped 
from the fistula during the succeeding twelve hours. He found that, 
although free purgation had meanwhile occurred, there was no increase 
in the secretion from the isolated loop. If Thiry's method were trust- 
worthy, Radziejewski*s experiment would be opposed to the theory of 
Headland. 7 

Radziejewski conducted his investigation in the laboratories of 
Kiihne and of Du Bois-Reymond, to the former of whom and Rosen- 
thal he specially acknowledges his indebtedness for suggestions and 
assistance. As a result of his labours he has furnished us with the 
most comprehensive contribution that has as yet been made to this 

^ Hoppe-Seyler, c/p. cU. S. 275, u. 360. 

2 Schiff, Niwve ricJierche sulpotere digerente, dkc. Morgagni, July 1867, p. 5. 

' Leube, Jahresb. d. ges. Med. 1868, S. 97. 

'* Quincke, Arckiv. f. Anatom. u. Fhysiolog. 1868, S. 150. 

* Paschutin, Reichert u. Du Bois-Reymond's Archiv. 1871, S. 305. 

^ Radziejewski, op. dt. S. 49. 

^ Headland, supra, p. 246. 
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discussion. It opcnB with a series of analyses, chiefly qualitativi 
the faeces of the dog under normal couditiona, and with a biliary 
liatula. He then proceeds to an examination of its composition after 
the administration of various purgatives, among others, eulphate of 
magnesia. Here he remarks that, with Ihe exception of the increased 
proportion of water and the absence of indol, the stools are perfectly 
normal in eoniposition, the albumen barely exceeding its usual quantity. 
From these facts and others he opposes strongly the theory of Schmidt 
—that the increase of fluid is due to serous transudation. The con- 
cluding sentence of his paper expresses this very distinctly — "die 
Entleerungen nach Abfiihrmitteln siud Darminhalt, nicht Transsudat" 
Working with the object of proving that increased intestinal peristalsis 
is the principal factor, he frankly admits that his experiments, so far, 
do not positively prove it ; for he expected to have found, had peri- 
stalsis been accelerated, that the fteces would have contained more 
partially digested food than they actually did. 

The second part of hia paper is occupied with an amplified repeti- 
tion of Moreau's experiments on the effect of the division of the 
mesenteric nerves. In this he is not altogether very fortunate ; for, in 
his first experiment, no secretion took place, although he had divided 
all the nerves entering the loop. A more careful examination at the 
autopsy revealed a few fibrils uncut. Tliis is an experience which 
afterwards befell Vulpian,' and is of much interest and, I beUeve, 
importance, although neither observer draws any conclusion from it. 
Why does the copious secretion, following the division of the mesen- 
teric nerves supplying a loop of intestine, not occur when a fibril or 
two escape section 1 The probable explanation seems to me to be 
that the mesenteric nexves not only inhibit secretion, but also excite 
absorption ; and the latter process is, under the conditions of the 
experiment, in all likelihood, much more active than the former, so 
that the small part of the mucous membrane of the loop still retaining 
its mesenteric nerve-supply is capable of absorbing all the fluid that 
the remainder of the mucous surface can secrete. That nerves do 
exercise a considerable influence over absorption, the beautiful experi- 
ments of Goltz ^ have demonstrated ; and why not in the intestine, 
where, par excdlenee, we would expect this inHuence to be manifest 1 
The introduction of this view, according to which the quantity of the 
intestinal fluids is governed by two different sets of nerves,^ — those 
of secretion, and those of absorption, may seem somewhat out of placej 
but, as will afterwanle be seen, it is of importance in considering 
the action of a purgative. For the salt may inhibit absorption as 
well as excite secretion, and thus doubly aid the accumulation of the 
fluid within the intestines. 

In another experiment Eadziejewski injected croton oil into a liga- 
tured loop with its nerves undivided, and observed violent diarrhcea 
follow. This he believes to be due to reflex excitement of the peri- 
stalsis of the whole intestine, occasioned by the croton oil confined in 
^ Vulpian, Lc^oiasur VappaTeil 
' Gollz, FJUhicT's Archiv, HJ. v. 
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the ligatured loop, forgetting, as his own protocol states, that the 
mucous membrane of nearly the entire length of the intestine was 
much congested, and the bowel above the ligatured coil distended with 
fluid, obviously an excited secretion. For neither of these conditions, 
of hypersemia and hyper-secretion, could increased peristalsis account. 
Radziejewski was attempting to prove that excited peristalsis is the 
cause of all purgative action, and, in his eagerness to conform the 
results of his experiments to his theory, he clearly overstepped the limits 
of fair deduction. He did not inject a solution of a purgative salt 
into such a loop, and therefore omitted the experiment which operates 
most strongly against his theory. 

Eadziejewski closed his investigation with an examination of the 
time required by the food, with and without a purgative, to pass from 
the stomach to the caecum, the latter having been rendered accessible 
by means of a fistula. Berries and crushed bones administered with 
sulphate of magnesia appeared at the caecal fistula in much the same 
time as without the salt, but were preceded by a discharge of fluid. 
As a fact of practical value, he further observed that, especially after 
the administration of a drastic purgative, gastric digestion was com- 
pletely arrested ; pieces of meat, which had been eaten along with the 
purge some hours previously, were taken from the csecum much in the 
same raw state as when ingested. The last of his numerous experi- 
ments consisted in watching the effect produced by the purge on the 
peristaltic movements ; but he never could distinguish more than a 
moderate movement (massiger Bewegung). 

The researches of Thiry and Radziejewski present the main facts on 
which those who believe that purgatives act by accelerating intestinal 
movement base their opinion. I have given a perfectly unprejudiced 
account of the investigations of these observers ; and I think it will 
be readily granted that such a conclusion is not warranted by the 
results of their experiments. Moreover, others as Legros^ and Onimus, 
and Van Braam Houckgeest,^ with suitable apparatus for observing and 
registering the movements of the intestines, and using certain precau- 
tions to avoid exposure of the intestines to the cold and dry atmo- 
sphere, have made a particular study of the effect of purgative and 
other salts on these movements, and are quite unanimous in their 
conclusions that the saline cathartic does not increase the intestinal 
peristalsis. 

Among the most recent contributions to the subject of purgative 
action are those of Aguilhon,^ and Laborde,^ and a fiurther communica- 
tion by Rabuteau.^ Aguilhon, in a study of the action of the purgative 
waters of Chi,telguyon, has concluded that the active ingredient is 
chloride of magnesium ; and this salt he has found by experiment to 
purge, whether injected into the stomach or into the blood. Laborde 

^ Legros et Onimus, Journ. de Vanat. etphysiol. de Rohin^ 1869, p. 187. 
2 Houckgeest, Pfliiger's Archiv, 1872, S. 266. 
^ Aguilhon, Gaz. Jiebdom.j 1879, p. 336. 
* Laborde, Gaz. hebdam., 1879, p. 352. 
" Rabuteau, Gaz. mid., 1879, No. 29. 
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has obSGivcd isoreased peristaltic movenioiits follow tho intraveuouR 
injection of the salt, but in no case purgation. Kabuteau denies that 
it is capable of producing either effect when 80 injected. 

Professor Kutherford ^ hiis lat«Iy supplied ub with the results of an 
exhaustive research on the action of a large number of substances on 
the secretion of the bile, and baa shown that whatever effect saline 
puigatives may exert on the expulsion of bile from the gall-bladder, 
they do not greatly influence the bile secretion. Phosphate of soda, 
sulphate of soda, sulphnte of potash, and Itochelle salt ail slightly 
increased the bile secretion, whilst sulphate of magnesia diminished it. 
Generally, he has found that even in the case of powerful eholagogues, 
as podophyllin, the greater the purgative action, the less is the excita- 
tion of the biliaiy secretion. The bUe does not, therefore, appear to 
be an important source of the fluid found in the intestines during the 
action of a purgative. Eutberford also observed the action on the 
intestines of the various cathartics after their injection into the duo- 
denum. In the case of the puigative salts, his solutions were so coa< 
centrated, rarely less than fifty per cent., that they produced, as the 
autopsy revealed, considerable inflammatory irritation of the intestinal 
mucous membrane, a condition which does not follow the injection of 
a weaker solution, as I shall have occasion to point out. The intes- 
tinal fluid he obtained must, accordingly, have been largely mixed with 
an inflammatory exudation ; and it is impossible to ascertain to what 
extent tho increase of the intestinal fluid which he observed to follow 
the injection of the salt, was duo to the presence of this exudation. 

To complete the literature of this subject, I have yet to mention 
that Professor H. C. Wood * of Philadelphia has made the statement 
that section of the vagi prevents the action of the purgative, and 
ascribes this effect to some vaso-motor disturbance, believing that the 
vagi may antagonise the splanchnics, whose division is generally 
considered to be followed by dilatation of the blood-veaseltt of the 
intestine. 

En riswm4, it will be gathered from this sketch of the many 
afctemptB to solve the nature of saline purgation, that pharma- 
cologists are very far from being agreed as to the nature of that 
action. There are some who maintain that the salt excites 
a flow of fluid into the alimentary canal, others who as confi- 
dently assert that it merely excites peristalsis. 

Of the former, Liebig and PoisseuiUe, without venturing to 
speculate as to the exact nature of the fluid, believe that it is 
extracted from the blood through the capillaries of the intestine 
in virtue of the endosmotic power of the salt. Colin, Morgan, 
Lauder Brunton, Bottger, Brieger, and Kutherford conclude that 



' Buthfrford, Acliiin. of Drugs m the Sceraion of the Bile, 18S0. 
' Wood, American Jaura. of ittd. SHenets, 1870, ji. 385. 
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the fluid is probably intestinal juice, secreted under the local 
stimulus of the salt. Vulpian, on the other hand, regards it as 
an inflammatory exudation ; while Schmidt calls it a transuda- 
tion produced in the same manner as the choleraic discharge. 
Headland thinks that the salt, after being absorbed by the 
blood, stimulates Lieberkiihn's glands in the process of its ex- 
cretion. If this be so, why does the salt not purge when injected 
into the blood, as Buchheim, Bonders, Rabuteau, and others 
have shown? 

Of the latter, Thiry and Eadziejewski are of opinion that the 
salt produces its effect by mere excitation of peristalsis ; whilst 
Aubert, and Buchheim, and Wagner consider that the increased 
peristalsis is aided by the slow diffusibility or absorbability of 
the salt, and by the salt combining with the water of the alimen- 
tary canal to hinder its absorption. But Legros and Onimus, 
and Houckgeest could not perceive that the movements of the 
intestine were to the smallest extent stimulated by the presence 
of the salt. 

Finally, the remarkable results obtained by Luton and Car- 
vUle require to be reconciled with the experiments of the other 
investigators. 

With the prevalence of so many theories and so much uncer- 
tainty as to the action of so commonly employed pharmacological 
substances as saline cathartics, there is ample justification for 
another effort being made to offer a more comprehensive and 
satisfactory explanation of their action. There is the further 
inducement to their study, that their action presents the key to 
the action of nearly all other purgatives, and to many common 
physiological and pathological phenomena. "If the action of 
sulphate of soda were known," wrote Buchheim at the conclusion 
of his paper in 1854, " it would help us to ascertain with greater 
precision the influence of other remedies on the body, for 
example, as a proof-stone for the remedies used to cure diarrhoea."^ 
And after twenty years, by no means unfruitful in investigations 
of this action, Vulpian cannot more fitly introduce its discussion 
into his lectures than with the words, " Tout le monde parle de 
Taction des purgatifs, et, cependant, s'il y a une action encore peu 
connue, c'est bien celle de ces medicaments." ^ This, after the able 

' Buchheim, op. cU. ^ Vulpian, Lcr^oyis cit. 
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investigations of Buchheim, TUiy, Moreau, aud Eadziejewski, is 
certainly no compliment to pharmacology. But the difficulties 
which surroimd such an investigation may well be the excuse 
for the paucity of its results. The very complex, and as yet 
very imperfectly imderstood nervous supply of the intestines, 
and the disturbance produced in experiments as those of Colin 
and Moreau by the mere exposure of the sensitive abdominal 
viscera, and, generally, the very unsatisfactory condition of our 
knowledge of the physiology of the intestines, have prevented 
previous observers from employing good methods of esperiment- 
ation, and from drawing unassailable conclusions from their 
experiments. By repeating some of these experiments under 
new and varied conditions, I have endeavoured to estimate the 
true value of their methods, and by the adoption of new methods 
in which the normal state of the alimentary canal has been 
undisturbed by surgical operation, I have been enabled to obtain 
results, to which little or no objection can be offered. These I 
shall present in the form of several series of experiments, of 
which the following is the probable order, an order which, if in 
some respects more arbitrary than natural, approximates to that 
in which the experiments were made : — 

Series, A. — The effect on purgation of the administration of 
the salt by the mouth in a state of concentration and of dilution ; 
and the elimination of the salt by the kidneys and the alimen- 
tary canal. 

Series, JB. — The effect of the salt on the intestine when in- 
jected directly into the viscua, after the method of Colin and 
Moreau, with analyses of the fluid as to the salt it contained, 
and as to its digestive and other properties. 

Series, C. — The effect of saline purgation on the concentration 
of the blood. 

Series, D. — The effect of the salt on the alimentary canal, and 
its absorption from the canal, as ascertained by killing the animals 
at stated intervals after the administration of the salt by the 
mouth, and measuring the fluid in the canal, and estimating the 
quantity of the salt present. 

Series, E. — Its purgative effect when injected into the blood. 

Smx*, F. — Its purgative effect when injected subcutane- 
ously. 
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Series, G. — Its eflfect on the circulation. 
Series, H, — Its effect on the secretion of urine. 

Series of Experiments, A. 

The effect on purgation of the administration of the salt by 
the mouth in a state of concentration and of dilution ; and the 
elimination of the salt by the kidneys and the alimentary canal. 

Assuming that the method of Colin and Moreau^ is open to 
objection on account of the violence done to the natural conditions 
of the intestines, and that the results they obtained in proof of 
a salt exciting secretion may be fallacious, and granting that 
Legros and Onimus, and Houckgeest^ have succeeded in demon- 
strating that the purgative does not stimulate peristalsis, it is 
possible that the salt may produce purgation by merely uniting 
with the water with which it is administered, and the fluids with 
which it comes in contact in the alimentary canal ; and itself 
being slowly difiusible, may prevent the too rapid absorption of 
the water with which it is united. This view was first suggested 
by Buchheim,* but coupled by him with stimulated peristalsis. 
This observer failed, however, to offer the slightest experimental 
proof of his suggestion. If a purgative salt does act in this 
maimer, it is evident that, if it could be administered without, or 
with very little, water to an animal whose alimentary canal was 
rendered by some means free from fluids, no purgation would 
follow. For this purpose Buchheim and Wagner abstained 
from fluids for one day, and in the course of the same day ate 
each a full dose of the exsiccated sulphate of soda, yet purgation 
followed as usual. This did not deter these observers from still 
clinging to the view they had formed, believing, no doubt, that 
they had not sufficiently freed the alimentary canal from the 
fluids which are usually present. 

While working under Professor Schmiedeberg in his laboratory 
at Strassburg, I was induced by him to test Buchheim's sug- 
gestion by a stricter method, and on the lower animals. And 
for much valuable and kindly-given help in carrying out this the 
first series of experiments, I very warmly acknowledge my great 
indebtedness to that distinguished pharmacologist. 

^ Supra, p. 5. * Supra, p. 11. ^ Buchheim, op cU. 
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The salt employed was mostly the sulphate of soda, and i 
few experimenta the correspoading compound of magnesia. 
The experiments were conducted on rabbits, cats, and dogs. 
In ascertaining the amount of the sahne eliminated in the 
urine and in the fffices, every precaution was taken to t 
that the whole of these excretions were obtained, and that the | 
method of analysis was exact and conducted with all 
With this object the animals were kept in the naual zinc b 
provided with an opening at their most dependent part for the ] 
escape and collection of the urine. Tn certain experimenta, I 
where great accuracy was desired, the urine of the dogs was ] 
removed by catheterisation, in order to prevent its being con- | 
taminated \vith freces, and to obtain, by emptying the bladder, ] 
the whole of the urine excreted by the kidneys during a stated j 
period. In estimating the cjuantity of sulphuric acid in the 
urine, the usual method of precipitation was followed, 

A given portion of well mixed urine, the remainder being retained ' 
for a second, or even third, analysis, if that were necessary, was treated 
with excess of hydrochloric acid, and filtered, and the filter washed 
until the washings gave no trace of a precipitate with barium chloride. 
A Bolution of this salt was then added in slight excess to the filtrate, 
and the fluid containing the precipitate of sulphate of barium was 
placed for some hours over the water-hath, in order to conaohdate the 
precipitate, and prevent its passing through the filter, aa it was other- 
fvise apt, to some extent, to do. It was now filtered, and the filter 
containing the sulphate was repeatedly washed with hot distilled water 
until the washings gave no opacity with sulphuric acid, or with nitrate 
of silver and nitric acid. This often occupied several hours. The 
filtrate was tested with barium chloride to make certain that all the 
sulphuric acid had been precipitated. The iilter with the barium 
siUphate was dri&l in a steam-bath, and horned in a platinum capsule, 
the ash being rendered perfectly white, if that were necessary, by the 
addition of a drop or two of sulpliuric acid, and again burning. 
Cooled in a deasicator and weighed, the amount of barium sulphate 
was obtained after deducting the weight of the capsule and the ash of 
the filter paper. From this was readily calculated the amount of 
eulphuric acid, or of sulphate of soda, to which the weight of tho 
barium sulphate corresponded. In almost every case the analysis was 
controlled by a second, and if the results of the two materially differed 
— more than by O'Ol gramme — a third was made. 

The analysis of the fteces was attended with more trouble. Two 
methods were open — either to digest the fajces with acid and water, 
and filter and wash, and estimate the sidphatos from the filtrate, or to 
burn the ffeces and estimate the sulphates in the aah. The former 
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method is the more correct theoretically, as in the Ifttt«r, by the 
birniing of the teces, a certain amount of the sulphuric acid may be 
decomposed in the charring, or a slight excess obtained from the 
oxidation of the sulphur of the albumen. The latter is, however, 
much more practicable than the former, as owing to the largo amount 
of mucin present in the faces, many daya will not suffice for its perfect 
filtration and washing. All my analyses were accordingly made by 
the method of combustion, employing for this purpose a powerful 
oven. Previous to burning, the quantity of water in the faces was 
aacertained by heating them to perfect dryness over the wator-bath, 
and afterwards in the air-hath at a temperature of 110° C, ; and in 
order to prevent the volatilisation of acids a given weight of exsiccated 
carbonate of soda was sprinkled over the faacea before being placed on 
the bath. After burning, the ash was dissolved in hydrochloric acid 
and water, and the sulphuric acid of the filtrate estimated exactly as in 
the case of the urine. 

I have described with minuteness these simple methods of 
analysis, in order to leave no room for doubt in the minds of 
others as to the accuracy of my work, as well as to do justice to 
the care with which the analyses were performed. 

In all the succeeding experiments where the sulphate of soda 
is mentioned as being administered, the usual crystalline form of 
the salt (NajjSO^.lOHgO) was that employed. 

Expeninmts on Rahhits. 
JSrpenmmt /.—To ascertain the dose of sulphate of soda 
I necessary to produce puliation, when administered in the form 
I of a dilute solution. 

Babbit, weighing 1 i40 grammes. Injected into the stomach through 
I a vulcanised catheter 2 grammes of the salt, dissolved in sufficient 
1 water to form a 10 per cent solution. On following day, no purga- 
I tlon ; injected 3 grammes (5 per cent, solution). At noon, next 
Ikday, BtUI no purgation ; injected other 3 grammes (5 per cent, solu- 
Fiion). Pui^tion followed in two hours afterwards — copious brown 
B Tratery discharge. The short interval between the catharsis and the 
L-administration of the last dose of the salt hardly permits of the latter 
■ having taken any part in the production of the former. 

Five grammes, therefore, will probably purge. Even a smaller 
Vdose may act if it be still more diluted, as in 

EJ^periment IJ, — Same rabbit as in previous experiment, after a 
■ week's interval Administered per os 2 grammes {2^ per cent, solu- 
tion), followed in an hour afterwards by another 2 gramnies, of same 
strength of solution. Free fluid purgation during the night. 
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Four grammes, in this case, well diluted, have produced active 
catharsis, as ia confirmed by the next experiment with another 
rabbit. 

Experimmt 7//.^Eabhit, weighing 15fiO griimmea. Administered 
2 gramm<!B (2J per ceiit. solution), and in an hour afterwards the 
injection was repeated. Lai^'e fluid evacQation during the night. 

After an interval of more than a week, this rabbit waa used 
to ascertain if the same weight of sulphate of magnesia 
{MgSO^.THgO), diluted to the same extent, would act equally 
powerfully. 

Experiment /F.— Adminiatered 2 grammea of sulphate of niftg- 
neaia (3^ peT cent, aolation), and repeated the dose in an houi. Active 
purging during the night. 

An equal dose, therefore, of sulphate of magnesia ia aa pur- 
gative, when well diluted, as the same dose of sulphate of soda. 
It may be well to observe that there was rarely more than one 
fluid discharge, and that within twelve hours after purgation 
first occurred the stools in each instance resumed their normal 
firm consistence. The action oE the salt is, therefore, not pro- 
longed. 

Throughout these four experiments the rabbits were fed on 
their usual diet of turnip and browu bread. 

The effect of administering the salt in a concentrated form, 
and to a rabbit which bad been more or less deprived of water 
in its food, was next studied. In Buchheim and Wagner's ex- 
periments, a siugla day's abstention from fluid food was appar- 
ently not sufficient to deprive the alimentary canal of its water.^ 
Accordingly, in the following experiments, water and turnips 
were withheld from the rabbits for three or four days previous 
to the administration of a concentrated solution of the salt, the 
diet consisting merely of stale wheaten bread, cut from the loaf 
as required, without being afterwards dried, so that there was 
still a certain, although small, amount of water in the food. 
The same diet was continued throughout the experiment. By 
this means it was hoped to obtain the alimentary canal so free 
from fluid that, when the concentrated salt was administered, if 
Buchheim 's theory were correct, purgation would not follow. 
' Supra, ]i. IS. 
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Easpertment V, — Same rabbit as in Experiment I. Fed as described 
for four days previously. Administered per 08 5 grammes of sulphate 
of soda (20 per cent, solution). Next day no purgation ; gave 3 
grammes (20 per cent solution). Evacuation of a small quantity of 
hard faeces in the evening. On the following forenoon a similar small 
firm stool ; injected 5 grammes (20 per cent, solution). No defacation 
next day. One day afterwards, 80 c.c. of water were twice injected into 
the stomach, and the rabbit placed on its usual diet. A small amount 
of purging occurred in the course of the same evening and of the next 
day. 

Experiment VL — Same rabbit as in Experiment III. Fed on re- 
stricted diet during the three previous days. Administered 7 grammes 
of sulphate of soda (20 per cent, solution) in the forenoon ; in the 
afternoon three or four pellets of hard faeces. Similar evacuation next 
day. On the third day, stiQ no catharsis. 

Experiment VIL — Babbit of Experiment V. after an interval of 
over a fortnight Fed as in that experiment Administered 8 grammes 
of sulphate of magnesia (20 per cent solution). Neither during that 
day nor the two following was there any evacuation whatever of 
faeces. 

These experiments show most conclusively that, while 4 
grammes of a purgative salt will, when freely diluted with 
water (2^ per cent, solution), produce their usual effect, a dose 
twice as large, administered in a concentrated form (20 per cent, 
solution), and to a rabbit fed for some days previously on a 
water-restricted diet, is quite incapable of causing purgation. 

The alimentary canal of the rabbit is in proportion to the 
size of the animal much longer than in the cat or dog, in which 
its relative length more nearly approaches that of the alimen- 
tary canal of man. Is the same result obtainable from the cat 
and the dog as from the rabbit ? The succeeding experiments 
answer the question in the affirmative. 

Experiments on Cats. 

As with the rabbits, the purgative dose of the salt in a dilute 
solution and administered under ordinary conditions was first 
ascertained. The experiments for this purpose were numerous, 
as I wished to know with perfect certainty as a basis for 
another series of experiments what dose would, without fail, 
cause purgation, and yet be not excessive. Very varying results 
were obtained as to the length of time in which purgation took 
place, although the salt was given to cats of similar weight and 
under like conditions. This is probably due more to the degree 
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of restraint exercised by the animal over defacation than to a 
difference in the behaviour of the purgative, the cat from habits 
af training fearing to defacate when cooped up in the laboratory. 
Thia also applies to dogs which have been accustomed to live in 
the dwelling-house. 

In the following experiments with cata, as well as in those 
with dogs, no food was given for eighteen to twenty-four hours 
previously, nor for a few Iiours after the administration of tlie 
salt, in order to ensure that the presence of food in the alimen- 
tary tract, or the process of active digestion, would not interfere 
with the action of the salt. Further, they were for at least a 
week before the experiment fed on a regular diet, the cats on 
raw or boiled flesh, and the dogs on bread, and kept under 
observation, to render the conditions of the various experiments 
as equal as possible, and to make certain that the stools were 
of normal consistence. Water was, of course, supplied daily 
to the animals, unless where tiie conditions of the experiment 
required its being withheld. 

Experiment VIII. — Grey cat, male, weighing 3'1 kilogra Kemem- 
bering that 4 Rrammcs, well ililuted, of Rulphate of Boda were required 
to purge a rabbit less than half the weight of this cat, I injected into 
its stomach, through a catheter, 10 graiumes of the salt (5 per cent, 
solution). After seven hours there was a copious fluid discharge, and 
pargation continued for tliree days, 

A doae of 10 grammes is apparently too large. 

Meperim&U IX, — White cat, female, weighing 2'63 kilogra. Ad- 
ministered 3 grammes of the salt (5 per cent solution). After ten to 
twelve hours a fairly abundant liquid evacuation. 

ExperintBtit X, — Same cat as in last experiment, after an interval 
of several days. Administered 3 grammea of the salt (10 per cent, 
solution). Partly watery, but mostly semi-fluid diacliarge in ten to 
twelve hours. 

Experiment XI. — Black cat, male, of average size, not weighed. 
Gave 3 grammea of salt (10 per cent, solution). No purgation i 
followed. 

Three grammes are, therefore, insufficient to ensure free pur- 
gation, although in two out of the three experiments some 
degree of action followed. I, accordingly, judged that 5 
grammes would, in all cases, result in decided catharsis, a 
supposition confirmed by the next experiments. i 
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IExperimeni J"//.— Grey cat, female, weighing 2'74 kilogrs. Ad- 
miiiistered 5 grammes of sulphate of eoda (6 per cent, solution). 
Fluid evacuation, tolerably profuse, in about 5 hours. 
Experiviefit X/7Z— Black cat, male, weighing 3'45 kilogra. Ad- 
ministered 5 grammea of aalt (10 per cent, solution). Purgation after 
twelve houra. 
Sa; 
gat 



jK^perimenl XIV. — TortoiBe-eheJl cat, male, weighing 3-00 kilogra. 
Same doae as in previous experiment, but 20 per cent, aolntion. Pur- 
e effect followed in iifteen or sixteen hours. 



Maoy other experimenta were made with the same doae of 
5 grammes of sulphate of aoda ; and if the cat were fed on its 
usual diet, however concentrated might be the solution of the 
salt, purgation invariably resulted. But it was observed, as the 
threo last experiments show, that, as a rule, the more dilute the 
solution, the more quickly was the action produced. Further, 
it was found that the doae varied extremely little with the size 
or weight of the animal, as large a dose being ret^uired to purge 
a cat of 2 Idlogrs. as one of 4 kilogrs. This I have observed 
most strikingly in dogs, where the diifereuce in size is much 
more widely variable ; a small terrier requiring neatly as much 
as a large mastiff perhaps four or five timea the weight of the 
smaller dog. 

As to the effect of restriction of the water supply in the diet 
for two or three days previously, combined with the adminis- 
tration of a concentrated solution of the salt, the succeeding 
experiments prove that it is much the same with cats as with 
rabbits. 

Experiment XV. — Black cat, same aa in Experiment XIII. Fed 
for the laat three days on bread only, very little of which it ate. 
Administered 5 grammes of sulphate of soda (20 per cent, solution). 
Feeces, next day, somewhat softer than usual, but still retaining their 
ordinary cylindrical form, and by no means fluid or even semi-fluid. 
I Never any purgation. 

Experiment J'F/, — Grey cat, same as in Experiment XII, Fed 
I only on bread for four days previously. Gave 5 grammes of the salt 
"1 per cent solution). No evacuation during the next forty-eight 
1 toura ; perfectly firm when it did appear. 

Experiment XVII. — Tortoise-aheU cat, same aa in Experiment XIV. 
i Water excluded from diet for three days previously. Salt adminis- 
1 tered in equal doae and concentration to that in last two experiments, 
I and with an exactly similar result. 
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Bxperiraents on Bogs. 

I finally repeated these expeiiments on dogs in order to obtain 
all the confirmation possible of the influence esercised by the 
presence of water in the digestive tract on the action of a saline 
cathartia These animals were particularly suitable, as they 
enabled me at the same time to make some precise analyses of 
the quantity of the salt recoverable from the urine and the fiecea. 
Some analyses I had made of the urine of the rabbits, but as 
these were not quite so accurate owing to the difficulty of 
emptying the bladder at the end of every twenty-four hours 
or other stated period, and, as in the main, their results agree 
with those obtained from dogs, I have not thought it worth 
while to give them. The same objections were open to analyses 
of the cats' urine, as their urethra is too narrow to admit of the 
easy introduction of a catheter. On the other hand, a suitable 
catheter could with the greatest facility be introduced through 
the wider urethra of the dog, especially of the male, the female 
not being so convenient for this purpose. 

The first experiments were made with the object of ascertain- 
ing what dose of the salt was able, under ordinary conditions of 
dilution and of supply of water in the diet, to produce catharsis ; 
also, how much of the salt was eliminated in the urine, and 
how much in the f:Kces. Two dogs only were used, and both of 
them males. Neither of them, unfortunately, was weighed; 
the one was rather larger than a sheep dog, and the other was 
a large-sized terrier. Both tended to be a little constipated, 
probably from long confinement in the laboratory previous to 
their being employed for my experiments. Their usual diet 
was raw flesh and bread, and water ad liiUm/i ; but tor some 
days previous to an experiment they were fed on bread and 
water only, in older to obtain fieces comparable in composition 
with those evacuated whilst they were confined to bread solely, 
as was necessitated in the experiments requiring absence of 
water from the food, ilesh being then inadmissible on account 
of its containing too high a percentage of water. As previously 
mentioned, no food was given on the morning of the experi- 
ment; they were fed, however, in the course of the day. 

Before commencing the administration of the salt, I esti- 
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mated in each of the dogs the normal daQy quantity of sul- 
phates in the urine and in the fseces. 

Experiment XVIIL — The small dog. Fed for the previous week, 
and during the experiment, on hread and water. At 6.30 p.m., 
emptied the bladder by means of the catheter, and placed the dog 
in a zinc cage, so constructed that the urine evacuated was collected 
in a receiver beneath Next day, at 6.20 p.m., again catheterised, 
and the urine obtained added to that in the receiver. The whole 
measured 527 c.c., and yielded by the careful method of analysis already 
described 0'281 gramme of sulphuric acid (H2SO4), corresponding to 
1*0255 grammes of crystalline sulphate of soda (NagSO^.lOHoO). 

On the third day, catheterised at the same hour as before, the whole 
urine measured 509 cc, and yielded 0*276 gramme of HgSO^, equiva- 
lent to 0*906 gramme of Na2SO4.10H2O. 

As the fsBces were evacuated somewhat irregularly, they were col- 
lected for four complete days, commencing four days after the begin- 
ning of the bread and water diet. The whole weighed 139*40 
grammes. After drying over water-bath, and in air-bath at 110° C, 
the weight was reduced to 52*165 grammes, corresponding to 62*58 
per cent, of water. After complete combustion in a furnace, the ash 
amounted to 4*42 grammes, and contained 0*3081 gramme of HgSO^, 
equal to 10124 grammes of NagSO^.lOHgO. 

The daily average, therefore, of the sulphuric acid in the 

fseces of the small dog, reckoned in the form of the sulphate of 

A A0C01 J • 4.V. • 1-0255+0-906 
soda, was 0'2531 gramme, and m the unne ^ 

Or 0-9657 gramme. 

Experiment XIX, — ^The large dog. Same arrangement of dietary 
as in foregoing experiment. Emptied bladder at 5.10 p.m. At same 
hour on following day, bladder again emptied, and urine mixed with 
that in the receiver; the whole measured 415 c.c, and yielded 0*5481 
gramme of H2SO4, equivalent to 1*801 grammes of Na2SO4.10H2O. 

The faeces which were evacuated more regularly than by the small 
dog were collected for three days ; and as T wished to know with 
accuracy the percentage of water in the freshly-passed stool, each 
evacuation was weighed as obtained, in order to avoid error from 
loss by evaporation while standing exposed to the air. The whole 
faeces for the three days were of the usual firm consistence, and 
weighed 182*67 grammes, and after drying, 69*78 grammes, and 
therefore contained 60*7 per cent, of water. The ash amounted to 
5*76 grammes, and yielded 0*3194 gramme of H2SO4, equivalent to 
1*0497 grammes of :N'a2SO4,10H2O. 

The daily average of sulphuric acid, estimated as crystalline 
sulphate of soda, was, accordingly, in the fseces of the large dog, 
0*3499 grammes, and in the urine, 1*801 grammes. 
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These preliminary estimations having been made, I proceeded 
to ascertain the purgative dose of the sulphate of soda for each 
of the dogs under ordinary conditions, and to estimate the quan- 
tity of the salt recoverable from the urine and the fiscea. 

Experiment XX. — Small dog. Injected 'per m into its stoiaach 10 
grammea of sulphate of aoda (5 per cent, solution). Thia dose exercised 
no purgative effect ; the faaces evacuated during the three subsequent 
days were of ordinary conaistence. 

Ten grammes of the salt were insufficient to produce purgation 
in the small dog. 

Experiment XXI. — Same dog. Administered 15 grammea (5 pet 
centi solution). In fourteen and a half hours there was a copions 
discharge of a dark-brown, watery, gruel-like Huid. Ko purgation, 
and even no fsces, during ttie next two days. 

Fifteen grammes were apparently a good pui^ative dose ; and 
this was confirmed by the next experiment, where the salt was 
given in a more concentrated form. 

Experimmit XXII. — Same dog. Administered 15 grammes (20 
per cent, solution). Purgation in eighteen and a half hours, but stool 
much less eatery and loss abundant than in Experiment XXI. As, 
in that experiment, no f^cea. were passed during the next two days. 

The effect of the concentration of the salt in lengthening the 
time in which purgation took place, and in lessening the degree 
of purgation, was as remarkable iu the dog as in the cat and 
rabbit. 

That fifteen grammes sufficiently diluted were capable at all 
times of causing a profuse fluid discharge from this dog was 
proved by several other experiments, one of which I have 
selected, accompanied by analyses of the urine and fajces, 

Experiment XXIII. — Small dog. Fed, during the experiment, on 
broad and water, and for three days previously. 9.15 a.m. — Bladder 
emptied, and 15 grammes of the sulphate of soda {4 per cent, solution) 
injected jjCT" on into stomach. The urine was removed by the catheter 
from the bladder every three hours, in order to prevent its mingling 
with the fluid faces which might at any time be discharged. Purga- 
tion at 9 P.M., abundant and fluid, l^Text morning, at 9.15, the 
bladder was catbeterised. No uruie was passed during the night, and 
purgation had not again occurred. The whole urine of the twenty- 
four hours amounted to 766 cc, and contained sulphuric acid equi- 
valent to 5-9945 grammes of Na^SOj.lOHjO, which, after the deduc- 
tion of the sulphuric acid normally present, shows an excess of 5'028 
grammes of the sulphate. 
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^^^B The purgative stool passed the first oTening weigLed 366'8 grammes, 

^^^Hiiid lost by drying 334 '6 grammea, and, therefore, contained 91'05 per 

^^V^cent. of water. By uompleto cooibuBtion the weight was reduced to 

^^B fi-20 grammua. This yielded sulphuric acid corresponding to 8'185 

^H gramtaee of NojSO^.lOH^O, or an excess of 8-2319 grammes. 

^^B Next day, at 9.15 a.ii., the urine was again withdrawn from the 

bladder, and added to what had been passed in the usual way during 

the previoufl twenty-four hours. It measured 1090 cc, and contained 

Bulphuric acid equivalent to 14758 grammes of Na^SO^.lSHjO, or an 

excess of 0'5101 gramme. 

The urine of tlie third twenty-four hours was obtained in the same 
manner, and amounted to 612 cc. It yielded 0'9131 gramme of the 
sulphate, and, therefore, nu excess. The whole of the salt had now 
be^ eliminated. 

Since the purgative evacuation, no discharge of fieces occurred until 

between sixty and seventy hours after the administration of the aait. 

The discharge was soft but solid, and weighed 66'175 grammes, and 

after drying, 18'9 grammea, thus containing 7 1-43 per cent, of water. 

The ash weighed 1-410 grammes, and yielded sulphuric acid equal to 

1-046 grammes of sodic sulphate, or an excess of 0-7929, if we regard 

^^K this small quantity of fteces as not equivalent to more than a single 

^^^ day's evacuation, although it was actually all that was obtained for 

^^^B two days. If we consider it as representing the feeces of two days, 

^^V then the total excess during that time is reduced to 0-5398 gramme. 

A further evacuation of solid faaces occurreil eighty-three hours 

after the administration of the purge. It weighed 2S-25 grammes, 

and was reduced by drying to 10'875 grammes, showing that 6r51 per 

^^^^ cent, of water was present. The sulphuric acid was not estimated. 

^^H Experiments of the Bame nature were made on the large dog, 

^^Band with much the same results. 

^^^B Expei-imeiit XXIV. — Large dog. Fed on bread and water for some 

^^^Ldays before, and during, the experiment. Administered, at 5.15 p.m., 

^^^V.16 grammes of sulphate of soda (about 1\ per cent, solution). At 11 

^^^Fah., on the following day, there was an evacuation mainly of firm 

ffcces, but mixed with a small quantity of watery fluid. The whole 

weighed 77 grammes, and after drying, 30-240 grammes, and contained, 

therefore, 60-74 per cent, uf water. The ash weighed 3-59 grammes, and 

1^^^ yielded of Hg804, calculated as NagSO^.lOHjO, 1-202 grammes, or 

^^^Kthe small excess of 0-852 grammes. As part of tlie urine was lost it 

^^^Bwas not examined. 

^^V A dose of 16 grammes was evidently too small for so large a 
dc^, and, accordingly, 18 grammes were administered in the next 
experiment. 

Experimejii XXV. — Same dog. Fed as in preceding experiment. 
At 12 noon, emptied the bladder, and injected into the stomach 18 
grammes of the salt (6 per cent, solution). The dog licked up a large 
([iiantity of water shortly afterwards. 
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In ths Gourae of next forenoon there vaa evacuated a large quantity 
of brown perfectly fluid faeces. At aoon the bladder waa catheteriaed. 
The whole twenty-four hours' urine measured 925 cc, and contained 
HjSO, equivaleot to 9-050 grammes of NajSO4.10H2O, or au excess of 
7'249 grammee. The fiecea weighed 143-36 grammes, and after dry- 
ing, 23-954 grammes, aud thus contained 83-30 per cent of water. Of 
ash there were 5-744 grammes, which yielded H^SO^ corresponding to 
6'818 grammes of N^a^SO^.lOH^O, or an excess of 6468 grammes, 

Ou the following day, at 12.10 F.U., the bkdiler was cathetorised 
and the urine collected as previously. It menaured 657 c.c, and gave 
HjSO^ equal to 3413 grammes of NajSO,.10Il3O, or an excesa of 
1-612 grammes. 

On the same day, at 12.20 p.m., the dog evacuated 107-6 grammee 
of nearly solid faeces, which, when dried, weighed 26-01 grammes, 
equal to 75-81 per cent, of water. The ash weighed 2'90 grammes, and 
contained H38O4 equivalent to 1-885 grammes of NajSOj.lOHjO, or an 
excess of 1 '535 grammes. 

Next day, at 12.15 p.m-, the urine was collected in the usual 
manner. It measured 1060 c.c, and contained of E^SO^, estimated 
as IfajSO^.lOHgU, 1-7235 grammea, or no excess ; on the contrary, the 
sulphuric acid was slightly under the ascertained normal quantity. 

The faces, evacuated in the course of the forenoon of this clay, were, 
although softer than uaual, not so mui;h so as to be pulpy. Their 
weight was I33'7 grammes, and, when dried, 24-17 grammes; con- 
sequently, 80-4 per cent, of water was present. "Weight after com- 
bustion was 1 -95 grammes ; and the ash yielded H28O4 equivalent to 
0-4968 granunes of IS^aaSO^.lOHaO, or the trifling excess of 0-0469 
grammea. 

Eighteen grammes of sulphate of soda proved, therefore, 
amply sufficient to purge the large dog. Of course, in all these 
experiments, a sufficient interval of time, never less than one 
week, was allowed between tliem, so that the effects of the one 
experiment might not interfere with the condition of the animal 
in the succeeding experiment. 

The next experiments are designed to show, what I have 
already ascertained for rabbits and cats, that, if dogs be fed on a 
diet tolerably free from water during, and for a day or two 
before, the administration of the purgative salt, and if, at the 
same time, the salt be given in a concentrated state, purgation 
will not ensue. 

Experirnvnt XXVI. — Small dog. Fed on bread alone for the \ 
two previous days aud throughout the experiment ; no water. 
5-40 P.M., administered 15 grammea of dry crystalline sulphate of I 
soda, made into large pills or boluses with a little bread and a very few [ 
drops of a solution of gum-arabic. The dog's mouth waa opened and \ 
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the bolus thrust well back into the pharynz, when it was easily 
swallowed. 

As this was one of my earliest experiments I had not yet com- 
menced to withdraw the urine from the bladder : and as micturition 
did not occur during the whole of the first night and the following 
day, there was no urine to examine. During the same time there were 
also no fseces. 

On the forenoon of the second day after the administration of the 
salt, the urine found in the collecting vessel beneath the zinc cage 
measured 239 cc, and contained a quantity of H^SO^ equivalent to 
13*640 grammes of NagSO^.lOHgO, or the large excees over the two 
days of 11*708 grammes. 

During the same forenoon, 43*58 grammes of solid dry faeces were 
passed, which, after dessication, weighed 23*06 grammes, equal to 
47*09 per cent, of water. The ash weighed 4*645 grammes, and 
yielded HgSO^ equivalent to 3540 grammes of NagSO^.lOHgO, or the 
small excess of 0*1009 grammes. 

On the forenoon of the third day, the urine was again collected, 
and measured 80 cc. It contained HgSO^ corresponding to 1*480 
grammes of NagSO^.lOHgO, or an excess of 0*5143 grammes. 

The fseces passed during the same forenoon weighed 81*2 grammes ; 
although consisting almost wholly of ordinary firm material, a small 
portion was somewhat softened, but not semi-fluid. The residue after 
drying amounted to 22*78 grammes, and thus contained 71*95 per 
cent of water. The ash weighed 3*941 grammes, and contained 1*792 
grammes of HgSO^, reckoned as NagSO^.lOHgO, or an excess of 1*539 
grammes. 

Water was now freely added to the dog*s diet. Next day, the 
urine measured 480 cc., and contained HgSO^ corresponding to 3*158 
grammes of Na2SO4.10H2O, or an excess of 2*192 grammes. There 
was a moderate quantity of faeces of ordinary consistence, which was 
not analysed. 

Exfperiment XXVIL — Large dog. Diet of bread during and 
for one day previous to the experiment; no water. At 5 p.m., 
emptied the bladder, and administered 18 grammes of crystalline 
sulphate of soda in the form of boluses as in foregoing experiment. 

Next day, at 5 p.m., no faeces ; bladder emptied. Whole urine 
measured 375 cc., and contained 15*9125 grammes of NaoSO^.lOHgO, 
estimated from the HgSO^, or an excess of 14*111 grammes. 

On the following day, at noon, there was an evacuation of faeces of 
ordinary firm consistence, which weighed 44*6 grammes, and, after 
dessication, 20*75 grammes, equivalent to 53*48 per cent, of water. 
The ash weighed 4*236 grammes, and yielded HgSO^ corresponding to 
0*3033 grammes of NagSO^.lOHgO, or no excess of the salt. 

At 5 P.M., on the same day, the bladder was as usual emptied. The 
urine measured altogether 148 cc, and, estimated from the HgSO^ 
present, contained 1*5037 grammes of NagSO^.lOHgO, or no excess. 

During the next, or third, day after the administration of the purge 
there was no faecal discharge. 
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Keperintent XXVIII. — Lai^ Jog. Sitaply a repetition of the ' 
preceding experiment, the dose of the salt and the conditions of the 
diet heing exactly the eamo. The urine during the first twenty-four 
hours amounted to 282 c.c. ; and no ftecea were evacuated until 
twenty-Beven hours after the adroitiistration of the salt. The ffeeea 
were of the usual firm consistence. 



These experiments with doga confirm those made with rabbits 
and cats, and lead to the important result, the demonstration of 
which has been the principal object of this series of experiments, 
that a purgative salt, aa sulphate of soda, will not produce catharsis 
if it be given in a state of concentration, and if means be taken 
to ensure for even a single day previous to the administration of 
the salt that little or no water is taken with the food. These 
precautions are intended, as previously explained, to free the 
alimentary canal as far as possible from fluids. 

This result seems to warrant the deduction, that a saline 
cathartic acta, neither by exciting peristalsis, nor by increasing 
the intestinal secretions, but merely by uniting with the water in 
which it is dissolved, and with the fluids which it meets in the 
alimentary canal, preventing the absorption and preserving the 
fluidity of the intestinal contents, until the ordinary peristaltio 
movements have carried them to the rectum. Whether this 
theory be correct, and with what reservations these experiments 
must be accepted in ita support, I shall fully discuss in the 
course of the numerous series of experiments which have yet to 
follow, Meanwhile, it may be affirmed that, by an extension 
and more stiict application of the method of Bachheim, I 
succeeded where he failed in establislxing proof of the theory he 
advanced. Two qualities are assumed for pui^tive salts ; one 
of these, they have already been shown to possess by Graham 
and others, viz., a low diffusive power ; the other quaUty, a strong 
affinity for water, is, although generally admitted, extremely 
doubtful, as I shall afterwards take occasion to point ont. 

Another result of these experiments, and one of some thera- 
peutical value, is, that the rapidity of action of the salt, and the 
extent of its action, bear a certain proportion to the degree of it^ 
dilution. This is borne out by the experiments in all of the 
three kinds of animals used, and is perfectly consonant with the^ 
theory presently under discussion. The fact is not noval' 
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^^nlthoogh in practice often forgotten, and was perfectly well 
^^^Known even to Hippocrates, and apparently applies to vegetable 
^^^^ well as to saline cathartics. We find it expressed in au 
^^Kiphorism of this venerable pliysician — " Corpora ubi quis pur- 
^^^gare voluerit, facile fiuentia reddere oportet." ' 

I shall now pass to a consideration of the objections which 
can be urged against the method I have employed in this series 
of esperiments. It might be said, and with much fairness, that, 
by a restriction of water in the diet of my animals, I not only 
freed the alimentary canal from its fluids, but also largely 
diminished the quantity of water in the blood ; ao that a concen- 
tration of the blood was produced, which did not permit of the 
usual intestinal secretions being poured out when the glands 

■were stimulated by the presence of the salt. If this he true, it 
Jriil follow, that, if we feed an animal on a water-restricted diet 
for some time in order to diminish the fluids within the alimen- 
tary canal as far as possible, and, at the time of administration of 
the salt, inject into the blood a large quantity of water, the 
condition of concentration being thus overcome, purgation should 
[occur. I made such an experiment with a rabbit, and found that 
i^mi^ation did not ensue, as the following protocol evidences : — 

Experimad XXIX. — Eabbit, weighing 1605 grajiiinea, which was 
freely purged aome tiays before with 4 grammes of sulphate of aoda 
disBoIved in a large quantity of water. No water was given for two 
days previous to this experiment, and the diet consisted of bread alone. 
At 4.10 P.M. administered per os the eKcessive doae of 8 grammes of 
(SryBtaUine aulpliate of aoda (20 per cent Bolution). 4.25 p.m., com- 
ijnenced injecting into the right jugular vein a warm (3S°-40° C.) 
^ per cent, solution of chloride of sodium. The solution was allowed 
to run slowly and continuously into the vein irom a burette connected 
with it, and provided at ita lower end with a. stopcock for the regulation 
of the flow. The injection waa completed at 7,40 p.m., when 200 cc. 
of the solution had been introduced. I feared that, if I had injected 
the fl.nid more quicklj, it might have been rapidly eliminated by the 
kidneys, without the salt in the digestive tube having had time to 
attract sufficient of it to cause purgation. The rabbit micturated twice 
iduring the operation, and again immediately after being returned to its 
' 01. All the urine passed during the operation was carefully collected 
ith a clean sponge. On being released from the holder, the animal 

imped away quite briskly, apparently uninjured by the injection of 

e large quantity of fluid — nearly twice the total quantity of its blood. 

Kext day, at 10 A.H., it was found that during the night some f^ces 
' Hip[iocra,tGH, jtplt. 9, sect u. 
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had be«n eracnated, for the most port fimi, but mixed with ft amill 
quantity of semi-fluid ""Wi"', There waa no poigstioa, soeh «■ 
mi^it have been expected to foUow tlte adnuDisba^ii of a dilate 
BdotioD of 80 kugB a do8B of Uie salt The arine up to thia hom-, 
inditding that collected jeelerdajr eTening, measored 190 cc, and 
fielded H^4, ooRceponding to 4-585 giammee of ya^O4.10H,O. 
OT ao exceaa not exceeding 4 ^ammes. 

On the following day, no fnrthet evacnation of faeces. Urine 
measured 33 ct,, md became after cooling tbicidah and eomevhat 
gelatiDona. The diet waa still water-free. The urine gave HjSO„ 
eqairalent tol-fi37grajnmeaof S^ajS04.10HjO, w an excess, probably, 
of abont 1'35 granuaee. 

Altbongh tbiB nbbrt waa kept nndm obeerratioii for several daya 
more, the faeces never became fluid. The urine, very strangely, bocame 
more and more gelatinoos ; and, on the fifth day from the beginning of 
the experiment, waa so much bo aa to form a soft gelatine-like jdly, 
perfectly transparent and of a pale yellow colour. On heating it 
became fluid, and showed no trace of coagnliun. It gave a dense 
whitish precipitate trith tannic acid, which partly dissolved in 
anUDOuia, and the filtrate from the solution of the precipitate in 
ammonia yielded an abundant precipitate with hydrochloric acid. 
By treating the latter precipitate with aside of lead, the tannic acid 
was removed, and there remained after filtration and evaporation of 
the filtrate a small quantity of a gelatinous material Whether it waa 
real gelatin or not, the quantity was too small to permit of this being 
determined by an analysis of its chemical composition. It was pro- 
bably gelatin. Although water was freely added to the diet, the 
gelatinous condition of the urine persisted. 

The noteworthy result of this experiment is, that the injecdottj 
of the water into the circulation seems hardly to affect the; 
inaction of the concentrated solution of the salt in the alimea- 
tary canal — another proof that the salt is not capable of with- 
drawing water from the blood through the medium of the 
intestinal glands, or otherwise, but simply combines with the 
water it finds already present in the canaL There was certainly 
a small quantity of semi-fluid fitces, but the amount of purga- 
tion is not at all equal to the dose of the purgative administered. 

The appearance of gelatine, or a gelatine-like substance, in the 
urine of this rabbit, although of no importance in connection 
with tlie object of the present investigation, is a very unusual 
and extremely interesting phenomenon, and, so far as I know, a 
phenomenon hitherto unobserved. It was probably produced 
by the conditions of the experiment, but how, and by which, or 
by all, of these conditions I cannot attempt to say. 
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Vulpian ^ has asserted that a purgative salt acts chiefly by 
exciting an inflammatory irritationl>f the aUmentaxy mucou8 
membrane, and consequently creates an exudation such as we 
observe in a mucous catarrh. Since the irritant action of croton 
oil is visible even on the skin, we can hardly doubt that the oil 
also irritates the mucous membrane when in contact with it. 
But, if the salt and the oil both act in the same manner, an 
ordinary purgative dose of each should be similarly modified by 
similar circumstances. If the salt fails to excite secretion, or, 
at least, produce purgation in an animal deprived of water, 
equally, should croton oil be without effect, when administered 
to an animal in the same condition. Is this so ? 

Experiment XXX, — Small dog. Deprived of water for the previous 
two days. At 5.10 p.m. admrnistered 5 drops of croton oil in the 
form of a pill, a dose ascertained under ordinary conditions to produce 
moderate purgation. A much larger dose is required for the dog than 
for man. By nine on the following morning, free purgation had 
occurred. 

Croton oil, therefore, can purge where sulphate of soda fails ; 
and the conclusion is evident, that, if the oil acts by causing an 
inflammatory exudation from the alimentary mucous membrane, 
the salt does not act in the same manner, and as Vulpian suggests. 
We are, further, tempted to infer from this experiment that as 
croton oil is still capable of withdrawing fluid from the blood 
when the animal has been deprived of its water for a day or two 
previously, so sulphate of soda, acting under the same condition, 
should not be prevented from extracting water from the blood, 
did it ordinarily exercise such an action, whatever be the exact 
nature of that action. If this inference be legitimate, it lends 
support to the theory at present being tested. But, it is possible, 
notwithstanding the result of^ Experiment XXIX., that, if the 
salt excite a true secretion and not an inflammatory exudation, 
a concentrated condition of the blood, arising from a deficiency 
of water in the diet, may materially diminish the former, while 
it is unable to any great extent to modify the quantity of the 
latter. 

The experiments hitherto detailed are sufi&cient to give a 
locms standi to the theory which they were designed to support 

^ Vulpian, op. cU. 
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— that a salt purges in virtue of its combining with the water 
in the albnentary canal, thus preventing the rapid absorption of 
the water on account of its own low diffusive power. Tliis was 
my object when I commenced this investigation. And, indeed, 
I had hoped to find in this theory a complete explanation of the- 
action of saline purgatives. So far I appear to have succeeded. 
But it may be well at this stage of the inquiry to frankly admit 
that the experiments of the various succeeding series have com- 
pelled me, by no means unwillingly — for I but sought the trutli 
— to abandon the present view ; for what reasons I shall after- 
wards state. I 

This admission does not necessarily impair the value of thoJ 
preceding experiments. They are of themselves of mncli 
pharmacological and physiological interest; and the several 
analyses of the excretions offer some facts of both practical and 
scientific importance. These we will now consider. For their 
more convenient comparison, I have arranged them in a tabular 
form. I need hardly repeat that they were made with the 
greatest possible care and exactitude, each analysis in almost 
every instance Laving been performed twice. We shall first 
examine the effect of the salt on the urine, and afterwards itS' 
effect on the fa;ces. 

The experiments tabulated exhibit a material increase in the 
quantity of the urine after the administration of the salt in a 
diluted form, probably in part due to the water given with the 
salt. As from other experiments, which will afterwai-ds be 
given, I have observed that the increase is usually best marked 
on the day following the ingestion of the salt, I may be per- 
mitted here to point to Experiment XXIIl. as showing this 
increase very clearly. In the corresponding experiment with 
the large dog (Experiment XXV.), this rise does not occur on 
the second day, but on the third, while there is a very lai^e 
excretion of uruie during the first day. This anomaly is probably 
the result of the unusually large quantity of water which was 
taken with the salt. 

Where the salt has been administered without water to a dog 
fed on a water-restricted diet, the urine, as might have beeq. 
expected, is largely diminished in quantity, the effect, in all 
likelihood, of the mere modification of the diet. 
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The salt recoveretl from the urine, as eBtimated from the excesa 
of sulphuric acid present, is of more interest. In no case was 
the whole of the salt adminiatered again obtained from the urine 
and the fjeces. More was always recovered after a dilute than 
after a concentrated pui'ge, The blood in the latter case seemed 
to retain the salt for a much longer time than in the former, as 
■was proved in Kxperiment XXVI., by a considerable excess of the 
sulphate appearing in the urine after the administration of water, 
without that the quantity of the urine itself was increased beyond 
the normal. The time usually required for the elimination of 
the salt by the kidneys extended over more than twenty-four 
hours, and the small quantity obtained during the next twenty- 
four hours renders it highly probable that, under ordinary 
circumstances, the elimination is completed in from thirty to 
thirty-six hours from the time of administration. 

As regards the amount of the salt recovered from the urine, 
compared with that obtained from the fteccs, from one-half 
(Experiment XXV.) to nearly one-third (Experiment XXIII.) of 
the total salt excreted appeared in the urine, when the salt was 
administered well diluted ; and the more pronounced the purga- 
tion, the less was the quantity of the salt. On the other hand, 
when the salt was given in a concentrated form, practically the 
whole of it passed into the urine. Even did absorption of the 
salt proceed with equal pace in both classes of experiments, this 
great difference might be accounted for in this way, that in the 
experiment with the diluted salt, e.f/.. Experiment XXIII., a great 
part of the salt is removed from the alimentary canal with the 
stool which was evacuated twelve hours after the administration 
of the purgative, whereas, had purgation not occurred until the 
end of twenty-four hours, the most of this salt might have been 
absorbed from the intestines. In other words, the salt does not 
remain long enough in the alimentary canal to permit of its 
complete absorption by the blood. In Experiments XXVI. and 
XXVII., where the salt was given without water, no fseees were 
passed until the expiry of two complete days, and thus abundance 
of time was allowed for the disappearance of salt from the canal. 
The difference can certainly be accounted for in this manner, 
but the following two experiments will distinctly prove that, 
apart from the variation in the time allowed for the absorption 



36 TEE ACTION OP SALINE CATHABTICS. 

of the salt, the more concentrated salt 13 more rapidly absorbed 
than the more dilute. This might almost have been taken for 
granted, were it not that both Aubert' and Buchheim- expressly 
state that the extent of dilution of the salt has little or no uft'ect 
on the rate of its absorption, even when some attempt was made 
to restrict the water in the diet (Buchheim). 

Experiment XXXI. — Small dog. Diet, bread and water. At 
9.50 A.M., emptied the bladder, and injected into the stomach 
16 grammes of eidphate of soda, dissolved in 350 c.c. of water (about 
4J per cent, solution). The urine was taken from the bladder at in- 
tervals of three hours during the remainder of the day. At 8.25 p.m. 
free liquid purgation occurred. Bladder was immediately oatheteriaed. 
The whole urine, from 9.60 A.11. until now, measured 253 c.c., and 
contained H^SO^ equivalent to 5'478 grammes of NajSOj.lOHjO, or 
an excess of 4-503 grammes. 

Purgation occurred in ten hours thirty-five minutes. In the 
next experiment, made several days afterwards, exactly the 
same dose of the salt was administered, but without water, and 
after the dog had been fed on a water-restricted diet. At the 
end of the same time, ten hours thirty-five minutes, the urine 
was collected and analysed. 

Ea^enmeni XXXII. — Same dog. Fed for two daye before on 
bread only— -no water. At 9.50 a.m,, bladder emptied ; administered 
16 grammes of the salt, in the form of large pUla, made with a few 
crumbe of bread. At 8.25 p.m. the bladder was again catheteriaed. 
This urine, with that obtained since morning, measured 138'5 e.c, and 
yielded HjSO,, corresponding to lO'OSO grammes of J^ajSOclORjO, 
or an excess 01 9-065 gj'ammes. Purgation never occurred. 

The salt recovered from the urine in the second experiment was, 
therefore, twice as much oe in the first. 

These two experiments decisively prove what the others more 
or less indicate, that the rapidity of the absorption of the salt is 
influenced by the degree of concentration of its administi'ation, 
concurrently with a diminution of the fluidity of the contents of 
the alimentary canal, and probably also of the fluidity of the 
blood. The last factor, I am inclined to think from later experi- 
ments, is, perhaps, the most important. 

We shall now tui-n to the analysis of the fwces, and it will be 

found that they present us with some facts of considerable value. 

The analysis from the large dog arc mote satisfactory than those 

' Auliert, op. cU. • iiuehhtim, pp. ciC. 
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from the small dog, as it weuB of a less constipated habit of body, 
and, under ordinary conditions, defaecated once a day. The small 
dog, on the contrary, rarely had stools oftener than once in two 
or three days, which accounts for the irregularity in the quantity 
of its faeces. Fortunately, it hardly affects the relative propor- 
tions of the constituents of the stools, for the normal excrements 
of both dogs are remarkably alike in composition, as is more 
clearly brought out by comparing the percentages of the con- 
stituents : — 

Small dog. Large dog. 

Average of/our days. Average of three days. 

Water, . . 62*58 per cent. 60*70 per cent. 

SoUds, . . 37-42 „ 39-30 



Organic, 34-27 „ 36-15 

„ Inorganic, 3'15 „ 3-15 „ 



HgSO^ . . 0-220 „ 0174 „ 

These analyses were made, as has been previously mentioned, 
while the dogs were fed on brown bread and water, the diet 
employed, with or without the water, in all the experiments. 
It is satisfactory to observe this uniformity of composition, as 
greater weight can be attached to the variations produced in the 
faecal; constituents by the action of the purgative. Among these 
variations, the most notable is naturally that of the water. 
Beneath 80 per cent of water the fseces are of plastic con- 
sistence ; with each additional per cent, of water they become 
rapidly more liquid. The amount of water, it will be observed, 
corresponds tolerably with the quantity of the purgative salt in 
the stools — the more salt, the more water. The salt, in its turn, 
is less, the longer the interval between its administration and 
its purgative effect, as, cceteris paribus, more of it will have been 
absorbed from the alimentary tract ; so that, within certain 
limits, the shorter that interval is, the more marked is the pur- 
gative effect. This is borne out by a comparison of Experiments 
XXIII. and XXV., and by other experiments not given. No one 
vrill deny its truth when applied to intervals of one or two days ; 
but I have every reason to believe it is equally true for periods 
of almost as few hours. This is practically stating that the 
maximum of fluid within the canal occurs shortly after the 
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iministration of the salt ; aod were Buchheim's theory correct, 
the maximum ought to be coincident with administration. 

Of greater interest and practical value is the effect of the 
purgative on the qaantity of the aolids of the freces, especially 
of the inorganic portion of them. This ia beat Bhown by the 
table on the opposite page, in which I have rectified the modifi- 
cation of the quantity of the solids produced by the presence of 
the purgative salt. In order to obtain the real weight of the 
total solids, I have deducted the weight of the estimated excess 
of crystalline sulphate of soda from the weight of the dried 
and to ascertain the real amount of the inorganic solids, 
:ess of the sulphate, reckoned as water-free, has been 
.btracted from the weight of the ash, as given in the previous 
In each case, before drying and burning, the fseces were 
:ed with 2 grammes of dried carbonate of soda; but that, of 
lurse, has been deducted from the weights stated. For reasons 
already given I am inehned to attach more value to the analyses 
of the fffices of the large dog. 

The most remarkable feature in the table ia the considerable 
increase in the inorganic constituents of the fisces, apart from 
the purgative salt present. In the case of the large dog, after 
the administration both of the diluted purge and of the concen- 
■trated purge, but notably after the latter, ia this increase evident 
amounting to 1 gramme in the former experiment, and to more 
lan 2 grammes in the latter. The organic matter, meanwhile, re- 
much as normally, or, if altered, it is diminished, as on the 
it day of Experiment XXV., where the diminution is probably 
lue to the dog having had no forenoon meal, aa always happened 
the day of the administration of the salt. In the experiments 
ith the small dog, whilst the same result is very observable, 
feven for three days after the administration of the concentrated 
salt, yet the diluted salt is not followed by an increase in the 
proportion of the inoiganic to the organic matter, although it 
causes a small absolute excess of the former. Setting aside this, 
le sole exceptional result, and for which it may be possible in 
,rt to account, as, for example, by the short time the salt 
imained in the canal, we may reasonably conclude that sul- 
ihate of soda and probably other saline purgatives increase the 
[uantity of the inorganic constituents of the frecea, independent 
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of the salt which they themselves add. The quantity of the 
organic matter is, on the contrary, little affected. Its increase 
in Experiment XXIII. is doubtless due to the salt acting on a 
previously constipated boweL 

What is the compositioa of this increase of the fiecal ash, 
and what its source ? I regret that, not having observed the 
increase while making the analyses, I did not examine its com- 
position. It was not due to silica, for that I never found to 
exceed 5 per cent, of the total ash. It must, therefore, have 
consisted of salts soluble in water and acid. 

The source of the increase of ash could not have been the 
food, as the same kind of bread was used when the normal ash 
was calculated as during the purgative experiments. The bread 
contained 42 per cent, of water, and llO per cent, of ash, and 
each dog received 500 grammes per diem. The total ash in this 
quantity would not exceed 5"5 grammes, the greater part of 
which, consisting of soluble salts, must have been absorbed long 
before the food reached the rectum ; and as deffecation was 
delayed in those experiments where the ash of the fteces attained 
its maximum, ample time was allowed for absorption. Tlie 
source of the ash must, therefore, be the blood, through some 
form of intestinal secretion. Such a conclusion is inconsistent 
with Buchheim's theory, but I have already admitted that his 
theory is insufficient and possibly erroneous. In all proba- 
bUity an intestinal secretion, relatively rich in inorgauic hut poor 
in organic matter, ia excited both by the diluted and by the con- 
centrated salt. When the latter is administered, the water of 
the secretion is re-absorbed, whilst its solids, especially the ash, 
remain within the alimentary canal. To this point I shall 
return. 

The three subsequent series of experiments will show how I 
was forced to abandon the view with which I commenced this 
inquiry into the action of saline cathartics. In these will be 
offered for the first time indisputable proof of the salt exciting 
secretion within the intestines. The nature of the secretion will 
likewise be discussed, and notice taken of some remarkable 
variations in quantity which the salt undergoes in its 
through the alimentary canal. 
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Semes of Experiments, B. 

On the effect of the salt on the intestine, when injected directly into 
the viscus after the method of Colin and Moreau ; with analyses of 
the flnid, as to the salt it contained, and as to its digestive and other 
properties. 

The method practised by Colin and Moreau, with its modifica- 
tion by Brieger, I have already described.^ Twenty per cent, or 
even stronger solutions of the purgative salt, sulphate of soda, 
or sulphate of magnesia, were used by all the observers who 
employed this method. In every case there was a consider- 
able flow of fluid into the injected coil, whether the experi- 
ment was made on the horse (Colin), the dog (Moreau, Vul- 
pian, and Brieger), the cat (Brunton), or the rabbit and frog 
(Bottger). 

I have repeated these experiments with certain important 
modifications. It is as yet the only method by which direct 
proof has been furnished of the salt exciting secretion within 
the intestines. And it were desirable to know, especially after a 
consideration of the experiments of Series A. of this investiga- 
tion, in conjunction with the observations of Thiry, SchiflF, and 
Eadziejewski,^ whether the method employed by Colin and 
Moreau was reliable. To what extent was the secretion due to 
the nature of the operation required, — the exposure of the 
intestine, and its irritation by ligatures, &c. ? Perhaps it was 
caused by the irritant action of the unusually strong solution of 
the salt injected. Solutions of less strength than 20 per cent., 
excepting in a single experiment of Brieger's,* were not at any 
time employed ; and it is well known that a strong solution 
of a salt will irritate living tissues, whilst a weaker solution 
will exercise no such effect. For example, a strong solution 
of common salt will irritate and inflame even the skin, whilst a 
1 or I per cent, solution is so bland as to be the fluid commonly 
used in physiological experiments for the immersion of delicate 
tissues and organs whose vitality we wish to preserve uninjured 

* P. 6. * Pp. 8, e< seg. • Infra, p. 46. 
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as long as possible. It is certain that the purgative salt never, 
in ordinary circumstances, reaches the intestines so concentrated 
as would be implied by a 20 per cent, solution. It is rarely 
swallowed in a state of such concentration, and in the stomach 
and intestines it at once mingles with a large ciuantity of ali- 
mentary fluids which quickly dilute it. To settle these and 
other points is the aim of the present series of experiments. 
And although I have already thrown aside the theory of pur- 
gative action with which I started this iuvestigation, and which 
I have discussed at length in the preceding experiments, I was 
still endeavouring, at the time the following experiments were 
undertaken, to ascertain what of truth or error there might be 
in this theory which was originally suggested by Buchheim, and 
brought prominently under my notice by Professor Schmiedebei^, 
The remembrance of this will sometimes account for the arrange- 
ment of my experiments. 

In this series of experiments, excepting a few rabbits, cats 
were always employed. They were more readily procurable 
than dogs, and in the structure of their alimentary system they 
more closely resemble man than do rabbits. Moreover, they 
enabled me to compare my results with those of at least one 
(Lauder Erunton) of the preceding observers. My method of 
procedure was as follows : — Tlie animal having been ansesthe- 
tised witli a mixture of chloroform and ether (1 to 3), which I 
found to act four or five times as quickly as pure ether, and 
much more safely than pure chloroform, was attached to a 
holder placed over a large oblong porcelain tray containing 
water heated by a bunsen flame. The steam arising from the 
water in the tray enveloped the trunk of the animal during the 
operation, and helped to maintain the temperature and moiat- 
U6SS of the exposed intestine. The operation consisted in 
exposing the intestines by a longitudinal incision in the linea alba 
nearly midway between the processus xiphoidena and the 
symphysis pubis, and from one to two inches in length. Too 
short an incision is not advisable, as it is apt to necessitate 
uudue pressure in returning the intestine into the abdomen. 
Generally not more than a drop of blood was lust in making the 
incisiou. The omentum having been careftdly drawn up by 
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introducing the finger or the handle of the scalpel, bo much of 
the intestine was withdrawn from the abdominal cavity as it 
was desired to operate upon. The part selected of the amall 
intestine was generally situated near to the cu^cum. As in 
each experiment no food had been given since the previous 
afternoon, the intestines were usually perfectly empty, or con- 
tained at most a little gas and a few brownish shreds of incom- 
pletely digested food. The diet of the cats, as in the preced- 
ing series of experiments, consisted of boiled fleah, along with 
what of the water in which the meat had been boiled they 
chose to take. Each animal was fed regularly twice a day for a 
a week before the experiment, and the healthy condition of its 
alimentary system was ascertained from the character of its 
stools. To return to the steps of the operation, a measured 
portion of the exposed intestine was ligatured off by means of 
fine caoutchouc tubing, such as is attached to the cannula for 
draining anasarcous tissues, j This form of ligature was sufficiently 
tight to prevent the passage of fluid through the constricted part 
of the intestine, and at the same time was sufficiently yielding 
as not to cut the walls of'the intestine, which ordinary thread 
ligatures are rather apt to do. The ligature was always passed 
through the mesentery as close as possible to the intestine in 
order to avoid including ^the large anastomotic branches of 
arteries, veins, and laeteala which fringe the mesentery. At the 
extreme ends of the ligatured coU two short longitudinal incisions 
were made into its lumen. These were generally followed by 
a little bleeding. Through the upper of the incisions was 
introduced a glass cannula connected by an india-rubber tube 
with a large ball syringe filled with a | per cent, solution of 
chloride of sodium at a temperature of from 35° to 40° C, by 
means of which the coil was gently but thoroughly washed out 
as indicated by the purity of the fluid escaping from the lower 
incision. Due care was of course taken to prevent any of the 
washings passing into the peritoneal cavity. The small intes- 
tine of the cats was found almost invariably to contain several 
tape worms, and the removal of these with the salt solution 
sometimes prolonged a little this part of the operation. The 
object of thus carefully cleansing the intestinal loop was to 
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enaore that the secretion excited by the afterwards injected 
pui^tive would be free from admixture with the biliaiy and 
pancre&tdc secretions and witi the prodncts of digestion. In a 
few experiment-s where it was desirable to avoid much mani- 
pulation of the intestine, and where it was not necessary to 
ascertain the nature of the secretion, the washing was not 
practised. A ligature was now placed round the coil, under and 
close by the upper ojjcning, and the loop was emptied of its salt 
solution by gentle stripping with the fingers. Another ligature 
was then applied immediately above the lower incision. The 
washed empty portion of intestine included between the two 
last ligatures w.is next divided into three equal portions by 
means of other two ligatures, and into the central of the three 
was injected the solution of the purgative salt. For this purpose 
a syringe provided with a fine steel cannula was employed, its 
point being pushed through the wall of the intestine. The 
viscus was then returned within the abdomen, and the wound 
in the linea alba was carefully closed with a number of closely 
set ligatures to prevent the hernial protrusion of any portion of 
the gut, which was more apt to happen from the not unfrequent 
occurrence of a little vomiting after the openition — the effect 
probably of the anfestbetic as well as of the nature of the 
operation. The animal after being released from the holder was 
enveloped in a warmed cloth and placed in a basket near the 
fire. Half-an-hour was generally required for it to regain 
sufficient consciousness and strength as to be able to sit up ; and 
in balf-an-honr more it looked so well — apparently free from 
pain and even bright and lively — that it would have been 
difficnlt to say that the animal had been opemted upon. An 
occasional vomit, and that only in some experiments, was the sole 
evident indication of its condition. None of tlie animals were 
kept so long as to permit of peritonitis with its accompanying 
pain occurring. Finally, the animal was killed by strangulation, 
aided by a sharp blow on the head with a mallet, 

The method of operation occasionally varied from what I have 
described, but where any modification was practised it will be 
recorded in the protocol of the experiment. The time occupied 
by the whole operation — from the removal of the intestine from 
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the peritoneal cavity to its replacement — rarely exceeded five 
minutes. The operation was conducted with the greatest 
possible expedition in order to avoid the irritation of the 
intestine resulting from its prolonged exposure. 

In arranging my experiments I had some difficulty in deciding 
what length of intestinal loop I ought to employ. A long loop, 
otherwise prefemble, was objectionable on account of its requiring 
the exposure and manipulation of a large portion of the abdo- 
minal contents. I therefore chose for my first experiments a 
short loop. Lauder Brunton, probably for a similar reason, em- 
ployed also a short loop. Most of the other observers, however, 
made use of loops of considerable length. 

Ha^eriment XXXIIL — Cat, female, weighing 1*69 kilogrammes. 
Operation performed exactly as described above — coil of small intes- 
tine washed out with warm | per cent, solution of chloride of sodium, 
emptied and divided by ligatures into three equal p6rtion& Into the 
central of these was injected 1 c.c of a 10 per cent solution of chemi- 
cally pure clystalline sulphate of soda. The temperature of the solu- 
tion was about that of the animal (38° C). The cat was killed ^t;^ 
hours afterwards, and the abdomen at once opened^ and the condition 
of the intestines noted. 

Autopsy. — ^The condition of the loops was as follows : — 

Upper control contained O'l cc. of very viscid, colourless, opaque 
fluid. Lower control contained 0*3 cc. of a similarly viscid and 
opaque fluid (slightly reddened). 

Injected loop contained 3*45 cc. of a transparent, colourless fluid, 
in great part limpid, although mixed with a small quantity of viscid 
mucus, and with some whitish flocculL Eeaction, alkaline. The re- 
action of the injected saline solution was, of course, neutral Caustic 
potash, with the aid of a little heat, dissolved the viscid flocculent de- 
posit almost completely, which was reprecipitated by acetic acid, and 
was not soluble to any visible extent in excess of the acid. It, there- 
fore, consisted largely of mucus. The acetic acid filtrate gave no preci- 
pitate, but merely a distinct opalescence, with a drop of a solution of 
f errocyanide of potassium. A trace of albumen was therefore present. 
Other reagents for albumen led to the same conclusion. 

Microscopically, the flocculent deposit was seen to be composed of 
mucous corpuscles and mucin, with a number of epithelial cells, and a 
quantity of granular matter, part of which, from its high refractive 
power, appealed to be oily in nature. The mucous corpuscles were 
distinctly nucleated, and had a granular protoplasm. 

The mucous membrane of all three loops was perfectly pale, unless 
in the neighbourhood of the ligatures, where there were very slightly 
congested sonea 

The iigeeted loop measured 6 cm. long, and each of the oontroli 
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5 cm. The operated part of the intoatinB waa 15 cni, from the 
ctecum aEii 87 c:m. from the pylorus. The total length of the small 
intestine was 122 cm. 

A 10 per cent solution of sulphate of soda appeared, there- 
fore, to be as capable of causing a flow into the inteatinal loop 
in which it liad been placed as the 20 per cent, solution used by 
all previous investigators. An experiment of exactly the same 
nature was made upon a rabbit. 

Exj)erime7d XXXIV. — Rabbit, female, weighing 1'47 kilogrammes. 
Loops prepared aa in previous experiment, and 1 c.o. of a 10 per cent, 
Bolation of aolphate of soda injected into the middle loop. Killed 
after _rti'fl koiirs. 

AnTOPST, — TJpper control contained 0-15 cc of bloody mucus. 
Lower control was empty. 

Injected loop contained 3'55 cc. of a colonrlesa, transparent flnid, 
partly limpid, partly viscid and glairy ; no odour ; alkaline reaction ; 
specific gravity, I'OISO. It contained a trace of albumen, but no 
glucose or other material capable of reducing oxide of copper 

Its digestive powers were ascertained. To a portion of it was added 
a very small piece of fresli fibrin, and the mixture placed in a digest- 
ing oven at a temperature of 40° C. After seven hours the fibrin was 
not dissolved and scarcely diminished in bulk ; the fluid did not givo 
the peptone reaction with sulphate of copper and caustic potash. 
Anottier portion of the original fluid was mixed with a boiled solution 
of starch, which was previously ascertained to contain no glucose, as 
common starch often does, and sot aside for a night in a warm place. 
Nest day the mixture gave abundant evidence of the presence of 
glucose, or rather maltose, according to the researches of Musculus 
and Von Moring. 

The fluid taken from the loop presented the same microscopical 
characters as that of the previous experiment. 

The mucous membrane of the loops was not congested. 

The injected loop mtaaured 7^ cm. The seat of the operation waa 
in the upper part of the ileum. The whole length of the small intes- 
tine was 25H cm. 

The action, then, of a 10 per cent solution of the salt is much 
the same in the rabbit as in the cat, and this was confirmed by ' 
other experiments. 

According to Briegw,! who injected a J per cent, solution o( j 
sulphate of magnesia, as well as a 20 per cent solution, the weaker j 
solution is absorbed. I have just ascertained that a 10 per cent. 

' llrioger, Archiv. f. titperim. PatMk>g. «, Pharnrnkoiog, Bd. \ 
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lllehaves like a 20 per cent, solution, inasiaucli as it excites a Sow 
1-of fluid into the intestine. There must, therefore, exist between 
I the J per cent and tlie 10 per cent, a strength of solution 
I- which will neither excite secretion nor be absorbed. What this 
LiBtrength is the next experiments help to elucidate. 

Expffrimmt XXXV.— Cai, ninle, weighing 1-84 kilogrammea. A 
1 Bot of loops was prepared on. both the ileum and the colon. Into tho 
central of each was injected 1 c.e. of a 2J per cent, solution of sulphato 
of soda. Killed thrtn hmirs af terwarde. 

Autopsy.— All the coils were perfectly empty, and the mucous 
ij membrane of each waa quite pale. The injected ileac loop was G cm, 
t long ; that of the colon, 2 cm. The ileac loop was 20 cm. from the 
a and 71 cm. from the pylorus. The injected loop on the colon 
fl^as 4 em, from the eoieuni. 

A 2^ per cent, solution is absorbed whether it be injected into 
I the small intestine or the colon. Will a 5 per cent, solution be 
(likewise absorbed ? 

Expnrimeut XXXVI. — Young male eat, weighing 1'41 kilogrammes. 

■ .An ii^ection of 1 c.c. of a 5 per cent, solution of sidphate of soda was 
'e as in the previous experiment into the large as well as into the 

11 intestine. There were the usual three loops on the former. On 
W&iB latter there was only one, but with a couple of ligatures at each 
W^rtremity to shut off the openings by which the loop had been washed 
B'Out with the chloride of sodium solution. Killed at the end of five 
f<hours. 

Autopsy. — The controla were empty. The injected loop of the 
bBmall intestine contained 0'3 c.c. of a transparent, colourless, some- 
rwhat viscid fluid, with a small quantity of an opaque, yellowish 

■ deposit. Eeactioii, alkaline. In the loop of the colon were found 
" 1 alkaline transparent, colourless, extremely viscid fluid, 

strikingly resembling in consistence and appearance white of egg ; it 
was considerably more viscid than the fluid from the loop of the small 
intestine; specific gravity, 1-0154, A portion of it waa opaque, 
yellowish-white and flocculent, and looked as if it had formed a layer 
over the mucous membrane of the loop. This fluid contained no 
appreciable trace of albumen, although tested with all the common le- 
agents, as nitric acid and ammonia, sulphate of copper and caustic 
potash, acetic acid and ferrocyanide of potassium. It did not, 
although appearing to contain a considerable quantity of mucin, ^'ive 
much turbidity with excess of acetic acid. It digested starch with 
ease. 

Microscopically, the fluid from the colon contained throughout a 
Vlarge number of motionless bacteria. The opaque sediment consisted 
ftlatgeiy of mucous corpuscles, ako of epithelial cells of various shapes, 
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aome goblet-ahaped, others breaking Tip or degenenitiiig. There was a 
large quantity of granular debris, and a few crystals of phosphate of 
lime and of leucin and tyrosin, which had prnhably not been removed 
from the mucous membrane by the washing with the solution of 

The mucoua membrane in the loops, both of the Bmall and of the 
large intestine, was pale and nncongosted. 

The operated part of the ileum was 5 cm., and that of the colon 
3 cm., from the ccecum. Both of the injected loops were 3 cm. 



Tlie ileac loop wa8, therefore, half the length of the injected 
loop in Experiment XXXIII., making the quantity of the salt, 
in relation to the length of intestine acted on, the same in both 
cases. Yet at the end of the same time the 5 per cent solution 
had diminished to one-third of its original bulk, while the 10 per 
cent, solution had increased to three and a half times its original 
quantity. 

As the salt had produced a remarkable flow of fluid from the 
colon as compared with the small quantity obtained from the 
ileiini, it waa desirable to know if this difference were constant ; 
for it pointed to the salt in ordinary purgation procuring i(a 
fluid in greatest part from the colon. 

Ex-periment XXXVII. — Cat, female, weighing 2-835 kilogrras. 

Three loops were as usual formed on the ileum, but instead of the 
central the two lateral were injected, the one with 1 c.c. of a 5 per 
cent, solution, the other with 2 c.c. of a 2^ per cent, solution of sul- 
phate of soda, the central loop being preserved in this instance as a 
control Both injected loops, therefore, received the same amount of 
the salt. On the colon were formed two ac^acent loops, which were 
injected with the same quantities of the same solutions as the ileao 
loops. The cat was killed two hours afterwards. 

Autopsy. — 

Ileiun— 5 per cent solution had increased to I'i cc. 
Colon— „ „ „ 1-2 „ 

Ileum — 2J^ per cent solution had sunk to I'O „ 
Colon— „ „ „ 1'2 „ 

The central control on the ileum was quite empty. 

The injected loops of the ileum measured 5'7 cm. (5 per cent) and 
6'6 cm. (2J per cent,). The two loops of the colon measured each 
3 cm. The circumference of the small intestine, obtained by measur- 
ing its diameter while distended with fluid under a moderate pressure 
was 4-2 cm. ; of the large intestine, 8'8 cm. The operated part of 
the ileum was 49 cm. from the ctecum. The total length of the 
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All the fluids were fedntly but distinctly alkaline, and all were 
colourless, transparent, and viscid, those of the colon being the more 
yiscid. All digested starch, and contained very little albumen. 

This experiment, in opposition to the previous experiment, 
seems to indicate that the ileum and colon behave much alike 
towards equally strong solutions of the sulphate. As the 
determination of this point is of interest, I shall endeavour to 
show wherein may lie the reason for the conflicting results of 
these two experiments. The two essential differences between 
the conditions of these experiments are to be found in the 
length of the ileac loop and in the time during which the salt 
was permitted to act on the iutestina As in both experiments 
the same quantity of a 5 per cent, solution of the salt was 
injected, it is obvious that the proportion of ileac mucous mem- 
brane to the salt solution must have been greater in the one 
experiment than in the other. And an alteration in this relation 
may materially afiect the amount of secretion excited by the 
salt. This remark applies equally to a comparison of this 
relation in the colon with that in the ileum. Assuming the 
circumference of the corresponding viscera to be the same in 
both experiments, the extent of mucous membrane in the 
injected ileac loop of Experiment XXXVI. was 3 cm. (length) 
X 4'2 cm. (circumference) = 12 sq. cm.; in the colon it amounted 
to 3 cm. (length) x 8*8 cm. (circumference) = 26*4 sq, cm. In 
the next experiment (XXXVII.) the mucous membrane of the 
ileac loop injected with the 5 per cent, solution measured 
5*7 cm. (length) x 4*2 cm. = 23*8 sq. cm., and of the corresponding 
loop of the colon, 3 cm. x 8*8 cm. = 264 sq. cm. Thus in the 
latter experiment the two mucous membranes were of nearly 
equal superficies, in the former that of the ileum was only half 
that of the colon, and in both experiments the mucous membranes 
of the colon were of equal extent. In three of the loops, there- 
fore, was the membrane of nearly the same size, while in the 
fourth it was much smaller. Where those of the ileum and 
colon are equal (Experiment XXXVII.) the eflfect of the salt 
solution is much the same on both. Where they are unequal 
(Experiment XXXVI.) the smaller the extent of membrane 
exposed to the action of the salt, the less appears to be the 
amount of the secretion excited. Such a diflerence of effect is 
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what might well be expected. But the next experiment, under- 
taken with the view of settling this point, aeema to indicate 
otherwise. 

The other element of difference in the conditions of the 
experiments which I am now comparing waa that of time. This 
seema clearly to account for the larger quantity of secretion 
found at the end of five hours in the colic loop (Experiment 
XXXVII.) as contrasted with that recovered from the corre- 
sponding loop and the ileac loop after the lapse of two hours 
(Experiment XXXVI.). To what extent it may have influenced 
the wide difference between the 5 per cent, aolutions in the ileac 
loops, apart from the inequality of their length, will shortly bsj 
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One other point brought out in the last experiment is that bl 
salt dissolved so as to form a 2} per ceut. solution acts on tism 
same length of intestine differently from the same quantily d 
salt as a 5 per cent, solution. The former solution is grodiu 
absorbed, while the latter increases in bulk, although, from th( 
inequality of their quantities when injected, they do nd 
materially differ in amount at the end of two hours. 

Experimmt XXXVIIl. — Cat, male, weighing 3-63 kilogrammes. ^ 

Three contiguous loops wore formed on the ileum by ligaturing at 
proyiouB experiment, two of equal length, but the third or nptnirfL 
twi(« QH long as each of the othera. Into the long loop was injecUil 
1 cc, of a 10 per cent, solution of sulphate of sods, and into Ilia 
lower of the short loops a similar quantity of the aame solution, 
animal was killed two hours afterwards. 

AcToPsr.^Long loop contained 1-44 t.c, of a very viscid i 
shortloop, 3'2 C.U. of a fluid, although viscid, not 80 much f«' 
in the long loop. Both fluids were ooloutleEs and pttrtly trin < 
partly flocculent and opaque. Ti^^BpUon of tiDtti wua ur..Jl- 

The long loop measiirod Ib^^^^B length, And H' 
6-\ cm., and was sitnatul li^^^mnMn the ca>uir<j. 

The resiil' ■ ' ■■ 

conclusion i 





injected baps waa 



ijiiu.l, of a yellowish-whito colour, 
,,iiii,iili ilepoait which was not, as uaual, 
lluiil was tinged with a small quantity 
vist'id than the duodenal fluid, and con- 
Tlie ileac fluid waa tmnsparent, colonr- 
ly of the others, with a whitish tough 
every case alkaline ; and all contained 
lated starch readily, the duodenal being the 



mred from 6 to 6'5 cm. in length, The duodenal 
the pylorus. It was difBcuIt to place it nearet 
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that if the extent of mucous membrane acted on by the aalt be 
nearly equal in the colon and in the ileum, then, if the action 
of the salt be interrupted at the end of two houra or bo, the 
quantity of secretion will be found to be much alike in both ; 
but if the salt be allowed to act for five hours, then more fluid 
wUl have been secreted in the colon than in the ileum. The 
explanation is tolerably simple. In both secretion occurs with 
equal rapidity during the first two hours, or until the salt solu- 
tion within the intestine ia ao diluted as no longer to possess 
excito-secretory power. This point having been reached, 
absorption begins ; but the fluid of the colon containing much 
more mucin than that of the small intestine is absorbed more 
slowly, and consequently, at the end of five hours, remains, 
relatively to the ileac secretion, large in quantity. It is highly 
probable that mucin is hardly, if at all, absorbed ; the water ia 
which it is dissolved alone being removed, a fact to which the 
viscosity of those fluids which had greatly diminished in 
quantity point {e.g. Experiment XXXIX,), and which is in ac- 
cordance with what ia known of the physiology of digeation. 

But we are not done with the apparent contradictions which 
the results of these experiments present. Much must be allowed 
for differences in the constitution of the various animals, in the 
healthy condition of the viscera, and in the effect of more or less 
manipulation of the exposed gut. If, however, all these cou' 
ditions be exactly alike in each experiment, then, regarding the 
body as a mere machine for the time being, the result of each' 
experiment should be in strict accordance with the known and 
intended alteration of these conditions. And if we have a 
discordant result where the conditions are generally good, we. 
must search for the explanation in some unheeded difference 
the manner or mode of the experiment. These remarks apply 
forcibly to Experiments XXXIII, and XXXIX., whose results 
are strikingly at variance. In the former, after the injection 
of 1 C.C. of a 10 per cent, solution of a sulphate of soda into a 
certain length of the ileum, by the end of five hours the fluid 
has increased to 3'5 c.c. In the latter the same quantity of the 
salt solution in the same time, placed in a loop of nearly equal 
length in a similar portion of the intestine, has diminished to 
(J'8 cc. The result of Experiment XXXIII. was fully con- 
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firmed by other experiments whoae protocols I have not given, 
and where the ileum alone was ligatured and injected. The sole 
difference between the conditions of the two experiments lies in 
the greater number of ligatures applied to the intestines. The 
more numerous injections made in Experiment XXXIX. can 
be of little consequence. That this difference is sufficient to 
account for the opposing results ia amply demonstrated by the 
succeeding experiments, which, at the same time, prove that the 
result of Experiment XXXIX, was not exceptional. They were 
designed for the purpose of ascertaining the action of the .salt 
in different portions of the small intestine before I had per- 
ceived the explanation of the difference alluded to. A loop on 
the duodenum, jejunum, and ileum was injected, and associated 
with each injected loop were five ligatures — the usual two, at 
each end, binding off the openings through which the loop was 
washed, and a fifth for the purpose of excluding from the loop 
the puncture made by the cannula of the syrii^e ; for I had 
sometimes observed a very slight oozing from the puncture 
when the loop was lai^ely distended with secretion. There 
was, therefore, a large number of ligatures. The usual washing 
it of the intestine was not practised. 

Experiment XL. — Cat, female, weighing 2'95 kilogtma. 
A loop waa formed in the manner deacribed in each of the three 
iivisiona of tho email intestine— the duodenum, the jejunum, and the 
leum. Into each loop waa injected 1 c.c. of a 10 per cent, solution of 
•nilphate of soUa. Killed at the end olfive hours. 
Autopsy. — ^Tho quantity of fluid in the various injected loops was 
follows :— 

Dnodenol loop contained 1*1 cc. 
Jejunal „ „ 1 05 „ 

Deao „ „ 1-1 „ 



t 

^^B|^ duodenal fluid was rather limpid, of a yellowish- white colour, 
^^^ttd contained a finely divided whitish deposit which waa not, as usual, 
tongh and alinij. The jejunal fluid waa tinged with a email quantity 
of blood, and was rather more viscid than the duodenal fluid, and con- 
tained some whitish flocculi. The ileac Suid waa transparent, coloui- 
lesa, and more viscid than any of the othera, with a whitiah tough 
deposit. The reaction was in every case alkaline ; and all contained 
little alhumen, and digeated atatch readUy, the duodenal being the 
most active. 

KEa4;h loop measured from 6 to C'5 cm. in length. The duodenal 
: 
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the stomach without injuring the pancreas, one lobe of which in the I 
cat is closely adherent to the upper part of the dutMlenum for the I 
greater part of its length. The jejunal loop was midway between those f 
of the duodenum and ileum, the latter being 8 cm. from the ctecum. 

In 90 far as the immediate object of this experiment was J 
concerned, it led to the conclusion that the salt acted eq^ually on I 
all parts of the small intestine. 

It at the same time confirmed the result of Experiment I 
XXXIX., and proved that an extensive disturbance of the I 
intestine lessens the amount of fluid in the injected coil. That ' 
this could be produced by merely a large number of ligatures, 
without the prolonged exposure and irritation of the intestine 
consequent on washing out and injecting several coils, the next 
experiment is designed to show, 

ExperiTnent XLI. — Cat, weighbg 2-12 kilogrma. 

A loop about the middle of the small intestine was washed oat and I 
ligattireil and injected with 1 c.c. of a 10 per cent, solution of a sulphate'! 
of soda, exactly as in Experiment XXXIII, Immediately afterwardo' I 
four ligatures were rapidly tied round the coscal end of the email in- , 
teatine at a few inches apart from each other, and other four were | 
similarly applied near the pyloric end. The exposure of the intestine I 
wae very short. Killed after ^tie hmtrs. 

AtiTOPSV, — The injected loop was 6 cm. in length, and contained | 
O'l c.c. of a whitish viscid fluid. The portions of intestine included \ 
between the other ligatures were all empty. 

In offering an explanation of the difference in the action of 
the salt on the large and on the small intestines, I have 
advanced the suggestion that during the first two hours or so 
after the injection of the salt it excites secretion, and that sub- 
sequently, owing to its having become diluted, it begins to be 
absorbed. Speaking more strictly, during the first period secre- 
tion is in excess of absorption, and during the second period 
absorption is in excess of secretion. For, whenever a watery fluid 
is injected into the intestine, we must believe that the two pro- 
cesses of absorption and secretion begin simultaneously to act, j 
the excessive activity of the one over that of the other depend- 1 
iug on the relation of the absorbability of the fluid to its excito- \ 
secretory power. That the salt solution injected, although 
scarcely increased in bulk at the end of five hours as in the 
preceding experiments, may, if interrupted at an earlier stage of 
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its action, show a decided increase, in conformity with my 
suggestion, is supported by Experiment XXXVI., where even a 
5 per cent, solution, at the end of two hours, is increased in 
quantity in spite of the application of a large number of ligatures. 
A -priori, we would expect that a 10 per cent, solution would 
show an increase. The result of the next experiment, in which 
all the conditions, except that of time, were exactly the same 
oa in the preceding experiment, realised my expectation. 

^[ Experiment XLII. — Cot, female, weighing 1-47 kilogrma. 
' All the conditiona of loop, ligatures and injectiun, precisely as in 
the foregoing experiment ; but animal kihcd at the end of tmo hofim. 

Adtopsy. — The injected loop measured 6'5 cm. in length, and con- 
tained 3-7 c.c of a. colourleas, tolerably viscid fluid, with large white 
flocculi. Alkaline reaction not strong, but distinct. The rest of the 
inteatine was praeiically empty. The fluid poasessed all the characters 
usually observed in such fluida — slight opalescence on acidifying and 
heating, good diastatic power, etc. Tbe mucous membrane of the loop 
was pule, unless close by the seat of tho ligatures, which is the condi- 
tion ordinarily observed. 

Secretion, then, does take place in the early stage of the action 
of the salt notwithstanding the application of a large number of 
ligatures. The only explanation that can he offered of the effect of 
the ligatures on the intestinal secretion is, that hy the irritation 
of their presence they stimulate the absorptive power of the 
intestine, and, it may be, to a certain extent accelerate secre- 
tion, so that, at an earlier stage than without the irritation of 
ligaturing, absorption is able to counteract and eventually 
exceed secretion ; or that the whole process of the action of the 
salt is hastened by an equal stimulation of absorption and 
secretion, the maximum dilution of the fluid being rapidly 
reached and its absorption quickly succeeding. In any case, 
there must be stimulation of the absorptive power of the in- 
testine, and as that is accomplished through the action of 
ligatures placed at a considerable distance from the injected 
coil, we have every right to assume that there is here the mani- 
festation of reflex stimulation of a set of intestinal nerves whose 
function it is to control absorption. Thus one more fact is 
added to demonstrate that absorption is under the influence 
of tlie nervous system, as has been satisfactorily proved, for 
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other portions of the body by the experiments of Brodie, SchifF, 
and Bernard, but most particularly by those of Golt.z. 

But, while the probable stimulation of absorption was th&' 
reflex effect of a number of ligatures, it was otherwise with th& 
local or direct action of each ligature ; for, as will be aupported 
by the succeeding experiments, there is every reason to believe 
that the ligature, by the irritation and consequent congestion; 
it produces of the immediately adjacent mucous membrane, givea- 
rise to an increased secretion from the portion of the membrane 
so irritated. Such a zone of congestion, although in many in- 
stances extremely narrow, was invariably visible. It could not, 
however, of itself have been sufficient to cause an accumulation 
of secretion within a ligatured loop, or the control loops present 
in nearly all my experiments would not have been so completely 
empty as they almost without exception were. The central un- 
irritated portion of these loops must have been capable of absorb- 
ing the secretion as quickly as it was poured out. The result 
might naturally be expected to be otherwise when a solution of 
a pui^tive salt, or some other body capable of preventing the 
rapid absorption of the exuded fluid, was present in the loop. 
The secretion of fluid excited by the salt would then he 
augmented by that which was due to the mere local effect of 
the ligatures. To determine the truth of this hypotheaia it 
was only necessary to perform some experiments in which the 
relative interference of the ligature secretion with the salt 
secretion should be reduced to a minimum by greatly extendi] 
the length of loop ligatured and equally increasing the amoui 
of salt injected, whereby the salt secretion would be correspond- 
ingly increased without altering the amount of the ligature 
secretion. In some of the experiments already detailed I had 
observed the influence of diS'ereut lengths of intestine on a 
given quantity of salt solution. Now, without altering the 
relation of the length of the intestine to the amount of the salt, 
I proposed to ascertain the effect of equally increasing both. 
The amount of secretion resulting from the injection of 1 c.e^ 
of a 10 per cent, solution of the salt into a loop about 6 cm.) 
long I had already observed, and it will be remembered thi 
where it was unaccompanied by an excessive number 
ligatures the eecretiou was abundant (Experiment XXXII: 
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and others). Would the effect he proportionately the same if, 
say, the length of the coil was increased to 54 or 60 cm., and 
the amount o£ salt solution to 9 or 10 cc, each heing multiplied 
by 9 or 10 ? These experiments I undertook the more wilhngly 
as they offered the further prospect of a more complete and 
satisfactory examiuation of the secreted fluid than hitherto I 
had ohtaiiidd owing to the small amount of the secretion. 

As in none of the previous experiments had I been able to 
detect the escape of fluid from the injected loop into the adja- 
cent controls, it appeared that the ligatures were in all casea 
applied sufficiently tightly to prevent such an escape, and to 
warrant the abandonment of the use of the two additional liga- 
tures required for the controls. 

The experimeuta were conducted in other respects in the 
manner previously described, the loop being well washed out 
with a warm | per cent, solution of common salt Five ligatures 
were in each case necessary, unless where otherwise stated — two 
for the first demarcation of the loop, two to exclude the openings 
by which the loop had been washed, and one to shut off the 
puncture made at its one extremity by the injection-cannula. 

Experiment XLIII. — Cat, male, weighing 3'51 kilogrammea. After 
the ligatures had been apphod the loop was found to meaame about 
50 cm. loiig, and, accordingly, I injected 9 c.cof a 10 per cent, solu- 
tion of aodiu Bulphate. KiUed at the end oifive hours, 

Adtopsy. — The fluid in the loop measured 5'6 cc, and was colour- 
leaa, opaque, and tolerably viscid, and alkohue in reaction. The 
opacity was caused by minute whitish flocculi A few fragments of 
tape-worm, wliich the previoua washing had ftdled to dislodge, were 
also present That the ligatures were not so loosely applied aa to 
permit the escape of some of the secretion from the loop was ascer- 
tained by attempting before opening the loop to press with consider- 
able force some of the fluid through the ligatured ends of the loop, 
but not a drop flowed out. This precaution was used in every 
subsequent experiment. The injected loop was 51 cm. long, and 
was 12 cm. distant from the colon, and 63 cm. from the stomach. 

The fluid after standing for a night became extremely tough, and 
altogether rather like a bronehitie sputum without tJie air-bubbles. 
Microscopically, the deposit consisted of a large number of nucleated, 
distinctly granular corpuscles, many of which were aggregated into 
mulberry-hke groups ; most of the corpuscles were globular, but a few 
were elongated, and almost perceptibly tailed. There was also a 

intity of fine gtanuiar material reKembhng the debris of degene- 
1 cells ; some faint]; fibrillar homogeaeoua matter was prohably 
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muoia A few granular columnar epithuUal etUs with largo nuclei * 
were aleo visible, aa well oa it very few nearly empty Bo-callftJ chalice ' 
cells. There were no red corpusclee. I have not attempted to dis- 
tinguiah between mucous and lymph corpuaclea, as physiologiats are 
not generally agreed in what essential features the one differs from the 
other. According to the usual distinction most of the corpuacles < 
appeared to be mucous. I 

The fluid contained a trace of albumen, and gave a distinct precipi- | 
tate with acetic acid, inaoluble in excess, indicating the presence of | 
mucin. The whole of the fluid was carefully collected from the 
microscopic elide, teet-tube, and loop, the last of which was infuEod 
several times in water, and the infusion added to the fluid, and tlie 
mixture analysed to ascertain the quantity of sulphates present. For 
this purpose it was evaporated to dryness, burnt with a little dried 
carbonate of soda, and the aah dissolved in hydrochloric acid and 
wnter, and the sulphuric acid estimated in tho hltrate by the usual 
method. The quantity of salphuric acid recovered, estimated aa 
Na^SOj.lOHnO, was 0'041 gramme, or only a fraction of what had 
been injected 

The result of this experiment was remarkable. The salt 
solution, instead of increasing in amount, aa might have been 
expected from a knowledge of the action of the salt as exhibited 
in Experiment XXXIII., had diminished. 

Was this diminution due to causes similar to those which 
lessened the fluid in the expedments with a large number ol 
ligatures ? Had the exposure of the large loop of intestine 
during the time occupied in washing it irritated it much in the 
snme manner as tlie excessive number of ligatures, so that its 
absorbing or secreting activity was affected ? Another experi- 
ment, in which all irritation was as much as possible avoided, 
appeared therefore desirable. 

Ej^eriment XLIV.—Gat, male, weighing 3'40 kilogrammBB. Small 
intestine was exposed, and about 60 cm. quicklj meaaured and lig*- 
tared. Tho loop was quite collapsed and empty, and was neither 
stripped nor washed out. Into it were injected 10 c.c. of a 10 per 
cent, solution of sulphate of soda, heated to 35° C, and, as before, ths 
puncture was ligatured ofT. Altogether three ligatures were applied, 
and the time of exposure of the intestine did not exceed two minutes. 
Killed^we hours afterwards. 

Adtopbt. — The loop contained 6 c.c. of a somewhat Tiscid, colourless 
fluid, transparent where unmixed with yellowish -white, extremely 
tough flakes, which constituted the larger part of the liquid. Eeaction, 
alkaline. The exact length of the loop as measured after death was' 
hi cm. The mucous membrane was distinctly paler than in th^. 
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lemtiinder of the amall intestine, wliich was coUapaod aad empty in 
its whole extent. 'i'he total length of the enjall intestine waa 
153 cm., and the loop ytas 7 cm. from tho cracnra. The stomach 
contained 2'5 cc. of a frothy yellowish fluid, acid in reaction. In the 
colon wae a quantity of firm faecea, but no fluid. 

The fluid ohtained from the injected loop along with several infu- 
eions of the latter yielded O'lOl gramme of NajSU4.10HjO, reckoned 
from the sulphuric acid. 

This experiment in its result was an exact confirmation of 
Experiment XLIII., both showing that in a sufficiently long 
loop a 10 per cent, solution of sulphate of soda is diminished 
rather than increased during a live hours' stay in the intestine. 
It were, however, possible that in the earlier part of the action 
of the salt there waa an actual increase of the secretion, which 
had diluted the salt sufficiently to permit of its absorption 
before the expiry of five hours, as had already been observed 
with regard to injected loops influenced by the presence of many 
ligatures. The next experiment shows that there was no such 
increase of the fluid during the earlier part of the action of the 
salt 

Eteperimmt XLV. — Cat, female, weighing 2'39 kilogrammes. In- 
jected into a loop of the small intestine, washed out, and ligatured aa 
in Experiment XLIII., 9 c.c. of a 10 per cent, solution of aulpbate of 
Bada. The cat vomited a very little about one hour and a quarter after 
the operation. Killed in iwo hours. 

AoTOPST. — On exposing the intestines immediatdy after death, the 
following appearances were noted, and, although specially mentioned 
liere, were common to all the experiments of the same kind. Peris- 
talais waa rather less active in the ii^octed than in the nninjected part 
of the intestine. The former was distinctly paler than the latter, and 
its blood-veasela were less distended and lees prominent. Ko part of 
the intestine contracted very readily on being lightly stimulated, and 
still less so the injected loop. After removal from the abdomen by 
detachment from the mesentery, the excitability of the muscular walls 
of the injected loop was little, if at all, increased. On the other hamt, 
the remainder of the iateatine was sensible to very slight sinmlation, 
contracting firmly and often permanently along a much greater part of 
its length than that irritated. 

The injected loop, which measured 44 cm., contained 9'9 cc. of a 
partly limpid, partly viscid fluid, colourless and transparent, unless 
where mixed with some faintly yellowish-white floccuii. Beaction, 
alksdine. 

Microssopically, tho deposit presented the same characters as in 
Experiment XLIII., but contained rather more mucous corpuscles. 
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A portion of the fluid boiled did not show any visible coagulutn. 
Treated with excoss of acetic acid the unboiled fluid deposited a nioder- I 
ate quanti^ of mucin, the filtrate from which, mixed with a drop oi | 
a solution of ferrocyaniJe of potasaium, became very faintly opaleacenl^ 
indicating the presence of a mere trace of albumen. This waa con- 
firmed by other delicate proteid reactions. 

Tlie fluid digested starch readily, and inverted cane-sugar. Col- 
lecting carefully aU the vsrions portions of the fluid aud adding the 
infusion of the loop, and allowing for the sulphate of copper used i 
testing for albumen and sugar, the whole mixture yielded 0'322 I 
grammes of ITajSO4.10HjO, estimated from the sidphurlc acid I 
recovered. 

These three experimenta, preaenting reBults in perfect concord, 
more than prove what I expected, that the increase of the salt 
solution witnessed in a short intestinal loop ia in large part due 
to the local irritation of the lifratures. For when a miicli longer 
loop was injected, with the ligatures bo vridely apart that the 
secretion they excited could exert hut little appreciable influence 
on the large mass of injected fluid, then a 10 per cent, solution 
of sulphate of soda was found not to have increased in volume, 
whether examined two hours or five hours after injection, Had 
it increased to the same extent as in Experiment XXXIII., 
where 1 c.c. became 3'45 c.o,, the 9 c.c. ought to have swelled 
to 30 c.c. 

Had these last experiments been made previous to those which 
form the earlier part of this scries, I would doubtless have been 
satisfied with the support and proof they offered of the theory 
I sought to establish in the first series of experiments — that the 
salt does not excite secretion, but merely prevents the absorption 
of the fluid in which it is dissolved. And even taking into con- 
sideration all the experimenta of this series I have as yet 
recorded, they do not present much in opposition to this theory 
but what might be roughly explained by the conditions of the 
experiments. But in attempting a precise explanation of man; 
of the phenomena observed, I have assumed that the salt exciteS; 
intestinal secretion ; and this is borne out, even in those case 
where the injected fluid undergoes no increase, by an examiof 
tion of the chemical characters and digestive properties of tl 
fluid. If the bulk of the fluid ia not increased, it is because 
ahsoiptiou has proceeded as rapidly as BCcretiou. The small 
cjiiantity of the salt recovi^rud from the injected loop (Experi- 
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loenta XLIIL, XLIV., and XLV.), the viscidity of the fluid, and 
its action on starch and cane-sugar, all prove that the salt 
solution has undergone considerable changes, which can only be 
accounted for by a free .secretion, obscured in certain cases by an 
equally free absorption. 

Proceeding to make a practical application of the results of 
these experiments, are we to believe they fairly represent what 
occurs when an ordinary dose of the purgative salt is adminis- 
tered by the mouth ? Am I right in assuming that the salt is 
diluted to at least a 10 per cent, solution before it passes into 
the intestine; and does the salt solution, diluted to that strength 
by the alimentary fluids, undergo no increase in the canal, 
although exciting secretion; or is the proportion of the salt 
solution to the length of intestine acted on too small in my 
experiments to represent what happens when the salt reaches 
the intestine after administration in the usual manner ; and will 
an alteration of this proportion affect the amouut of the fluid 
within the canal ? Further, if tbe salt can reach the intestine in a 
jnore concentrated solution than 10 per cent., may the action of 
the concentrated salt be difTerent from that of the diluted salt ? 
All other observers employed a 20 per cent, solution for injection 
into the intestine, and obtained in many cases a very large 
increase of fluid. 

In answer to the first of these questions, as to tbe strength of 
the salt solution when it passes into the intestines from the 
stomach, and as to the proportion of it to the length of the 
intestines acted on, I think we have every right to assume that 
thesalt is very rarely stronger than 10 per cent, when it passes 
through the pylorus. A dose of the salt, say an ounce, is gene- 
rally taken, dissolved in almost a tumblei-ful or 10 ounces of 
water, including that which is customarily drank immediately 
(ifterwards ; and even if it be talien more concentrated, it is very 
likely to meet with sufficient fluid in the stomach to dilute it to 
at least a 10 per cent, solution. So there can be no objection to 
the strength of the solution I have employed. The proportion 
of the salt solution injected to the length of intestine acted on is 
not, however, so free from fault. And an alteration in this pro- 
portion may very materially afl'ect the bulk of the fluid, as 
Experiments XXX VIII. and XXXIX. have proved; although 
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in these the coils were so short that the difference observed may 
be largely attributable to the effect of the ligaturea. There a 
given quantity of a 10 per cent, solution of the salt showed much 
the larger increase in the longer of two loops, which is equivalent 
to stating that if the loops be made of equal length, and more of 
the salt solution be injected into the one than into the other, the 
secreted fluid will be relatively much larger in the former than 
in the latter. It is probable, therefore, that had I injected more 
than 9 or 10 c.c. into a loop 50 to 60 cc, as in the last three 
experiments, the solution, instead of showing no increase, might 
have been considerably augmented. But it is yet to be decided 
whether the proportion of the salt solution to the length of 
intestine did not represent what actually occurs when the salt is 
administered per os. Id the cat, the animal used in the foregoing 
experiments, the small intestine varies, as 1 have frequently 
ascertained by measurement, from 110 or 120 to 170 cm. 
Now, as the salt solution will pass through the pylorus I 
. comparatively slowly, the first portion of the salt will almost | 
have reached the ccecnm before the last portion has left ' 
the stomach, so that the 5 grammes of salt, the purgative doae 
for a cat, will be distributed over the whole length of the 
small intestine. There wiU thus be 1 gramme for every 22 to 
34 cm. of intestine. But, if it happens that a portion of the salt 
has passed into the colon before the last of it has left the 
stomach, then this proportion may be diminished to 1 gramme 
for every 40 or even 60 cm. In my experiments the proportion 
was 1 to 60, and this in some cases might represent what takes 
place. But in all likelihood the proportion is greater — 1 to 30, 
or 80. The proportion 1 used was arbitrarily chosen, and with- 
out regard to the point now under discussion. If the proportion 
be increased to 1 to 30 (or 2 to 60), wQl the effect of the salt 
solution exhibit the same difference in the lai'ge loops as it did 
in the short loops of Exp. XXXVIII. and XXXIX. ? For this is 
the important point, Experiment answers in the affirmative. 

Experiment XLVI. — Cat, male, weighing 2'86 kilograms, 
uf small iutcstine washed out and Ugatured in the usud manner, andiJ 
injected with 20c.a of a 10 per cent eolutiou of aulpLoto of soda,! 
After death the loop was found to measure 64 cm. long. The antmEll'l 
was kiUed mjlve knurs. 
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I Autopsy. — The loop contained 34 c.c, of a fluid poBsoasing much 
the same chamctera as the fluids preriouBlj obtained,— -colourloBS, 
somewhat viscid, coutaiaiag only a trace of lUburaon, and capable of 
digesting starch and cane-augar. 
In Series D, of my experiments, where I had occasion to inject 
the whole length of the small intestine, ligatured at both its 
extremities, but excluding the pancreatic and bile ducts, with 5 
grammes of the salt in the form of a 10 per cent solution, I 
found that the 50 c.c. injected generally increased within a short 
time to about 100 c.c. There is, therefore, hardly any doubt 
that, if the proportion of the salt solution to the length of the 
intestinal loop be greater than 1 to 00, there will be an increase 
in the bulk of the fluid, and this is probably what occurs when 
the salt is given by the mouth. So that in this point of propor- 
tion many of my experiments are open to objection, without, 
however, greatly impairing their interest and physiological 
value. 

We have yet to discuss the effect of the salt reaching the 
intestine in a possibly more concentrated solution than 10 per 
cent. This I have already stated as being highly improbable. 
But, apart from its probability, the investigation of this point 
will be of interest as forming the link between my experiments 
and the experiments of Colin, Moreau, Vulpian, Lauder Bruntou, 
and the others who injected a 20 per cent solution of the purga- 
tive salt into the intestine. "Will a given weight of the salt 
injected into a given length of intestine affect differently the 
resultant quantity of fluid according as the salt solution is con- 
ceutrated or dilute ? Although this has already been answered 
in the afhrmative, in so far as short loops are concerned, by 
Experiment XXXVII., is was desirable to investigate the matter 
further. 

Experiment XLVIl. — Cat, male, weighing 2'03 kilogrma. Injected 

I into a loop of the small intestine (which was after death ascertained to 

measure 52 cm., and was situated 9 era. from the ctecam, and 67 cm. 

from the pylorus), 4J cc, of a 20 per cent, solution of sulphate of 

soda, containing, therefore, as much salt as 9 e.c of a 10 pei cent. 

solution, the quantity used in the preceding experiments. The loop 

was previously washed out as usual. A little vomiting occurred during 

^the recovery of the animal from the anaesthetic condition. Killed at 

I the end of three hours. During this interval it evacuated a small 
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'iuantity ot firm fieces, the only occasion on which I have obBerveii 
this occurring in the whole of these esperiments. 

AuTOPST. — The loop was tolerably distended with 3G tc, of acolonr- 
lesB, opaleBcent, eomewhat viscid fluid, mixed with white niiicoiin 
flakes, BeactioQ, alkaline ; 0'318 u.c. of the ]ihannacopanal standard 
solution of oxalic acid • was required to neutfidise 10 c.c. of it The 
acid solution actually uaed was ten times more dilute than the phar- 
macopccial. 

Examined for albumen, the fluid gave a slight opacity with excess 
of acetic acid and a drop or two of ferrocyanide of potassium. Com- 
pared with an equal quantity of pure saliva in a simUar-aiKed tegt-tube, 
ami treated with the same reagents, the opalescence of the former was 
a ahade more distinct than that of the latter. I made this comparison 
in order to ascertain by a simple method whether the quantity of 
albumen present in the intestinal fluid exceeds that found in other 
alimentary secretions. A large quautity of albumen would have ^ven 
support to Vulpian'aview,* that the secretion is of an inflammatory 
character. Heated with sulphate of copper and caustic potash, a very 
faint violet was produced, which was not deeper than that given by saliva 
with these reagents. So blackeoing with acetate of lead, and therefore 
no sulphides. (It has been stated by some authors^ that the pui^tive 
sulphates are partly decomposed in the cunal, forming snlphideE^ 
which by irritating the intestinal mucous membrane excite secretion). 
Excess of chlorine water added to the intestinal fluid did not, even 
after several hours, produce any change of colour, as it is stated to do 
with pancreatic juice.^ 

In order to ascertain quantitatively the diastatie power of the fluid, 
5 C.C. of it were mixed with 100 c.c. of a 1 per cent solution of pure 
starch. Both fluids were previously tested for glucose or maltose, and 
found to contain none. The mixture was placed in an oven at a tem- 
perature of about 50° C, and tested at intervals of ten minutes for 
maltose. Fehling'a solution was employed for this purpose, and within 
thirty minutes the first evidence of the presence of maltose was obtained. 
The mixture was then digested for forty-eight hours, by which time 
the action of the ferment might be supposed to be exhausted. It 
now abundantly reduced Fehling, and 105 c.c. of it ilecoloriaed 
20 O.C. of Pavy's modification ^ of Fehhug'a solution, eqnivulent to 
'0135 grammes of maltose. The 6 cc. of the original intestinal fluid 
therefore contained sufficient ferment to form 0'128 gramme of maltose 
from starch. 

The invBrsive power of the fluid was similarly measured. 5 c.c. of 
the intestinal fluid were mixed with 1 gramme of cane-sugar dissolved 
in 100 c.c of water, and placed in the d^osting oven. Tested fre- 

' 100 c.c, of ttie staodard solDtiun of oialic acid of tliD BriUab FhannBCopcBia I 
rontalo Q '3 Rrms, of the crTBtdlina acid. 
' Supra, pHgQ 7. 

■ Bacfabeiin, AnneimittellDhre, S Anlliige, S. 133. 
' Hoppe-Soylar'a Pliyaiologifhf CXemU, S. 2EB. 

mixture a! Fehling's iolatioii with a Urge quantity of strong si 
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quently for aix hours afterwards it gave no indication of itivereion 
having occurred. Nexi day, or nearly twenty hours after mixture, it 
. reduced Fchling at once. Allowed to stand for another day, 13"3 c.c, 
LmfBced to decolorise 20 c.c. of Pav/a solution, so that the whole 
Kflaid contained O'OSl grme. of lualtose ; and thin, therefore, represents 
F lihe inversive power of 5 cc. of the intestinal fluid. 

Half of the original fluid, along with half of the infusion of the 
loop, yielded 0'311 gramniea of NajSO^'lOItjO (as reckoned from the 
sulphuric acid), or for the whole fluid 0-622 grammee. 

The mucous membrane of the injected loop was perfectly pale, and 
esliibited not the slightest signs of congestion in any part of its length 
.less in the immediate neighbourhood of the ligatures. 

As this experiment differed ao remarkably from the preceding 
tjiree in the large amoimt of secretion excited by the salt, it was 
thought desirable to obtain confirmation of its correctness. 

Eeperiment XLVIII. — Cat, female, weighing I'SG kilogrma, very 
.)ean. Injected i\ cc, of a 20 per cent, solution of sulphate of soda 
&to a loop of the small intestine, whiehwas ascertained after death to 
lie 60 em. long and 7 cm. from the ccecum. The intestine was not 
washed out, but the same number of ligatures was applied as if it had 
been, in order to render the conditions similar to those of preceding 
experiments. Immediately after recovering from antesthesia it vomited 
a little, and for some time kept mewing rather loudly as if suffering 
pain. This was the first, and, indeed, the only occasion, on which I 
observed a cat giving evidence of suffering pain after the operation 
practised, as the animal usually rested quietly and placidly, Killed at 
(he end of ^ce liours. 

^ AcBTPOY.— The iig'ected loop contained 8 c.c. of a yellowish-white 
viscid flnid, mixed with a large quantity of flaky mucus ; reaction, 
alkaiine. A very slight htemorrhage had taken place into the peri- 
toneal cavity from the neighbourhood of one of the ligatures. The 
control loops formed by the additional ligatures were empty ; and the 
ligatures at the ends of the injected loop were found to be sufficiently 
tight to prevent any escape of fluid. 

This experiment, therefore, presented a widely difl'crent result 
from the preceding experiment. The saline solution, as in 
experiments where a 10 per cent solution was employed, bad 
Bcarcely increased in bulk, and certainly did not exhibit the 
remarkable increase observed in Experiment XLVII. The result 
of the one or of the other experiment must be incorrect, owing 
to bad conditions. These ore most apparent in Experiment 
XLVIII., where the animal seemed to suffer pain,and it is possible 
that reflex inhibition of secretion or stimulation of absorption 
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may have been induced by the circumstance which occasioned 
the pain — perhaps, the inclusion oE a mesenteric nerve in the 
intestinal ligatures, or of a cutaneous nerve in the abdominal 
eutures. I therefore inferred that Experiment XLVII. presented 
the more reliable result. But this required confirmation, and 
necessitated the experiment which follows. 

Experiment XLIK. — Cat, male, weighing 2'21 kilogranmiBs. In- 
jected into a loop of the ileum, without previoua washing-out, 4^ c.c. of 
a 20 per cent, eolation of sulphate of soda. The ubuoI niuaber of liga- 
turea were placed round the intestine. Killed after ■^m limirg. 

Autopsy. — The loop contained 54 c.c, of nearly colourless fluid, 
mixed with a very Jittle brownish shreddy material, probably a 
residue of the fnod, also with a q^uantity of whitish flocculL Eeaction 
was alkaline, 10 c.c, requiring 0*444 c.c. of the standard solution of 
oxalic acid for neutrahsation. 

The fluid became distinctly opaque an the addition of acetic acid 
and ferrocyanide of potassium ; and compared with saliva, by placing 
it in an equal-sized tube and diluting it until a similar degree of 
opacity was reached, I believed it to contain about twice as much 
albumen as that secretion. The excess of albumen was easily ac- 
counted for by the presence of a httle incompletely digested food in 
the injected loop. Other reagents for albumen gave the same result. 
5 CO. of it mixed with 100 cc of a 1 per cent, solution of pure starch 
gave the htst indication of the presence of maltose in about fifteen 
minutes, and, after standing for forty-eight hours, yielded 0'4890 
grammes of maltose. Other 5 cc. mixed with 100 c.c. of a 1 per 
cent solution of cane-sugar digested it slowly, and gave at the end of 
forty-eight hours 0'093 gramme of invert sugar. Half of the original 
fluid with half of the infusion of the loop yielded 0-412 grammes of 
Naa6O4.10HjO, or, for the whole fluid, 0'824 grammes. 

The injected-loop measured 53 cm. long, and was emptied before , 
injection by gentle stripping, washing out having been omitted, as I 
wished to complete the operation as quickly as possible in order to 
avoid prolonged exposure and irritation of the intestine. 

The mucous membrane of the loop was quite pale, and was covered 
with a layer of viscid mucus mixed with epithelial debris. 

The result of this experiment is in harmony with that of ' 
Experiment XLVII. In both there was a very decided increase | 
of fluid after the injection of a 20 per cent, solution of the s 
in the proportion of 1 gramme of the salt to 60 cm. of intestine, ' 
or the same as used in Experiments XLUI., XLIV., and XLV. ; 
and we may safely conclude that the result of Experiment j 
XLVIII, was exceptional. 

Before proceeding to compare the effects of a dilate and e 
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^^H concentrated solution of the salt as brought out in these experi- 
^^H ments, the digestive capabilities of the intestinal fluids obtained 
^^H will be alluded to. The diastatic power of the secretion was in 
^^H DO case great. Tlie more energetic action of the 6aid of Experi- 
^^f ment XLIX. was, doubtless, due to the presence of a small 
quantity of pancreatic juice, from the loop not having been 
washed out The action of the secretion on cane-sugar was still 

less marked. The exact extent of the action is in each case 

recorded in the protocol. Some additional experiments were 
made to ascertain in how far the secretion was able to digest 
albumen and fat Placed in a digeating oven with a small piece 
of librin, the fluid gave no evidence of peptones, except in the 
case of Experiment XLIX., and then only a trace, even after 
several hours, although the fibrin was generally in part dissolved. 
The secretion also failed to digest or emulsify fats in the form of 
pure acid-free cod liver oil, neither when first mixed with it, nor 
■ after standing for nearly twelve hours. 

Passing now to a comparison of Experiments XLIV., XLV., 
and XLVI. with XLVII. and XLIX., we are confronted with the 
surprising fact that a given quantity of sulphate of soda, 
injected into a certain length of intestine, will, if dissolved as 
a 10 per cent, solution, cause little or no alteration in the volume 
of fluid within the intestinal loop ; but, if the same amount of 
the salt be injected in the form of a 20 per cent, solution, or 
twice as concentrated as the other, and into the same length of 
intestine, it will provoke a large flow of secretion, far beyond 
what is necessary to bring the salt to the same state of dilution 
as in the former case, and where we might have expected its 
increase to be arrested. This difl'erence of effect between the 
strong and weak solutions is not in accordance with what 
was observed in Series A. of experiments to follow their intro- 
duction by the mouth. There it was remarked that the more 
the salt, the leas powerful, or at least the more 
I its action. It is not difficult to understand bow 
this may be, For, excluding tliese experiments where water 
was withheld from the diet of the animals for some days pre- 
viously, a concentrated solution of the salt would, when 
administered per os, become quickly diluted in the stomach or 
upper part of the intestine, either by the fluids present or 



THE AonON OP SALHrH CATHARTIOS. 



passing 1 



by tlie secretion excited, or by bi 
general length of the intestine, would then merely exert the 
action of a weaker solution under thia disadvantage, that the 
blood, having already in the upper part of the alimentary canal 
supplied it with some of its fluid, and thus become more con- 
centrated, would leas freely permit of secretion in the intestine 
generally, and thus delay purgation. It is otherwise when the 
concentrated salt ia kept for some time in contact with the 
intestine in a ligatured loop. The solution, although diluted by 
secretion, is acting on a mucous membrane, altered by the appli- 
cation of an originally concentrated salt. What the nature of 
this alteration is, cannot be easily determined, It is not a strong 
irritation and inflammatory condition of the intestine, or the 
mucous membrane would have been congested, which it on 
no occasion was ; and the secretion onglit to have contained 
excess of albumen, which it never did. The concentrated salt 
evidently produces some more subtle and less obvious change, 
whereby the secreting power of the intestine is increased or 
its absorptive power is diminished ; for either the one or the 
other, or a combination of them, will suiSce to increase the fluid. 
Disregarding any impression which the salt may make upon the 
secretory nervous mechanism of the intestine, and which may 
be maintained for some time after the cause has disappeared or 
the salt become diluted, it ia probable that the concentrated salt 
aff'ects the absorptive more than the secretory power of the 
mucous membrane. For we cannot well conceive of the salt 
producing in the secretory cells of the Lieberkiihnian fcUielea 
any change, other than inflammatory irritation, which would not 
pass away with the dilution of the salt. On the other hand, i 
there are several facts which give countenance to a supposed 
diminution of the absorptive power of the membrane. Absorp- 
tion, without doubt, is for the most part effected through the 
agency of the cylindrical epithelium covering the villi of the 
intestine ; and any injury to thia must impede absorption. 
Now, in microscopical sections of the mucous membrane of the 
various injected loops, 1 have observed that chalice or goblet- 
shaped cells were unusually abundant where the solution injected 
was 20 per cent. Tlie chalice cells were evidently formed from 
the cylindrical cells by the action of the salt ; and we may i 
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assume, without being at variance with the most recent physio- 
logical knowledge, that the former cells have a much lower 
absorptive power than the latter. A 10 per cent, solution did 
not produce nearly so many chalice cells. 

That the absorptive power of the mucous membrane of the 
intestine was lessened by a strong solution of the salt, was further 
supported by the tact, that after the action of such a solution, 
much more of the salt was recovered from the contents of the 
loop than after the action of a weaker solution. The salt re 
covered in the last six experiments clearly shows this. A thick, 
viscid, layer of mucus was generally observed coating the surface 
of the mucous membrane after the action of the concentrated salt, 
and this also may have offered a hindrance to absorption. 

An examination of these various points has led me, therefore, 
to conclude that the diiference between the action of a 20 per 
cent, solution of sulphate of soda and of a 10 per cent, is due 
more to impeded absorjitiou than to accelerated secretion. There 
J3 yet some experimental evidence to adduce in favour of this 
view, and which I shall now present. 

Moreau ^ recently communicated to the Academic de M(5decine 
the results of a number of experiments which went to prove 
that sulphate of soda or sulphate of magnesia when injected into 
the intestine is not absorbed. This fact he uiged as of great 
importance in showing the fallacy of the belief, entertained by 
Liebig, Rabuteau, and otliers, that osmosis plays a part, if not the 
sole part, in the production of .secretion by the salt. It seems 
hardly 'necessary to combat Moreaa'a statement with further 
experiment than is offered in Series A. of this paper, where a 
large proportion of the salt was in several instances recovered 
from the urine. More than this I should not have done, had I 
not, previous to having read Moreau's communication, made two 
experiments by a method like his, for the purpose of ascertaining 
whether absorption took place more rapidly from a loop con- 
taining a 20 per cent, solution of the salt than from one con- 
taining a 10 per cent, solution. Moreau injected a 20 per cent, 
solution of the salt into the ligatured intestinal loop of a dog, and 
a few minutes afterwards injected into the same loop a solution 

' Moreau, llalktin de V acaiUmia dc midccitic, 2me (n'rio, t. viii. 187S, j>, 357 ; 
ibid. \i. 367. 
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of ferrocyanide of potassium. In no instance, and his experi- 
ments were numerotia, could he discover the ferrocyaiiide in the 
urine with the usual reagents — perchloride of iron or snlphate 
of copper. He did not take the precaution of conceutrating the 
urine by evaporation before testing, which wonJd have rendered 
his analysis more satisfactory. Absorption, as I have already 
observed, ia doubtless impeded, but is not in abeyance ; and the 
ferrocyanide, passing very slowly into the blood and reaching 
the orine in still more diminished amount, may not have .been 
present in that secretion in sufficient quantity to yield a per- 
ceptible colour with the reagents. Moreau draws no distinction 
between the action of a concentrated salt and a dilute salt, and 
evidently believes that the action of a 20 per cent solution 
injected directly into the intestine represents what happens when 
it is given by the mouth. Even apart fi'om the experiments of 
Series A., I did not doubt the absorption of a 10 per cent, solu- 
tion, if for no other reason than that so little of the injected salt 
could be recovered from the loop. Where a 20 per cent, solution 
was injected, the salt unrecovered was so small that it might 
readily have been imbibed by the tissues of the intestine without 
actually passing into the circulation, so that I had reason to 
doubt its absorption, conceiving that the mucous membrane 
might be so altered by the strong solution aa to be incapable of 
absorbing, Tliis led to the two following experiments being 
devised. They happily, at the same time, ofler a complete refu- 
tation of Mor^a^l's pjnma/acie unlikely coucluaona. My method 
chanced to be similar to Moreau's; but, instead of the ferro- 
cyanide, I used strychnia, a poison which, if absorbed by the 
blood, will very quickly manifest ita effects without its being 
necessary to detect it chemically. 

Falck^ states that 0'75 miiligrm. per kilogrm. of the animal's 
weight is the smallest lethal dose for a cat, I injected rather 
more than double that proportion in each of the following 
experiments : — 

Eaymriment L. — Cat, male, weighing 2-75 tilognns. Exposed the 
small intestine and injected into a loop of it, ligaturod as usual, 10 c.c. 
of a 20 per cent. Bolution of sulphate of soda. The ititeatise was 
returned within the abdomen, and tho edges of the parietal ii 

' Folck, BosAach it. Notkna^cVi AnneimUUlUhrt, 1678, S. BBB, 
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I held together, ho aa to prevent exposure of the gut for the noxt fifteen 
h minutsB, when it waa again withdrawn, — the salt, meanwhile, having 
had sufficient time to prodnce its action on the mitcoiia mumhrane of 
the loop. 1 c.c. of a solution of strychnia, containing ^'IG niilligrmB. 
of the alkaloid, was then iujected into the centre of the same loop, the 
cannula of the syringe hetng first directed towards one extremity, 
and afterwards towards the other extremity of the loop, so aa to ensure 

■ mixture of the strychnia with the aalt solution 
In twenty-one minutes after the injection of the strychnia, the first 
symptoms of its action became apparent in the form of Blight twitch- 
ings of individual muscles. The animal was released from the holder 
immediately after the completion of the operation, and was tolerably 
conscious when placed on the fioor, so tbat the anssthetic did not 
retard the advent of the toxic symptoms. In nine minutes more there 
were well-marked tetanic spasms of the whole body, throwing it into 
the opisthotonic position. These continued with very short remissions 
until the respiratory muscles became involved and breathing was 
arrested. Three minutes later, or thirty-nine minutes after the injec- 
tion of the allcaloid, the heart's action ceased. Ciu'ing thia period ao 
much of the strychnia must have been absorbed as was necessary to 
cause death. According to "Falck's statement of the lethal dose, thia 

I quantity must have corresponded to about one-half of what was 
injected. 
AcTOPST.— The loop waa 52 cm. long, 12 em. from the ccecum, 
and contained 36 c.c. of a yellowish-white viscid flidd. Half of the 
fluid, with half of the infusion of the loop, yielded 0-691 gramme of 
NajSOj.lOHaO, and therefore from the whole fluid there vraa recovered 
X'382 grammes out of 2 grammes injected. 
Although the fluid was not well suited for ascertaining the diastatic 
power of the secretion owing to the intestine not having been pre- 
viously washed out, yet 5 c.c. of it were mixed with 100 cc. of a 1 per 
cent, solution of starch, and digested in an oven. Seven hours after- 
warils maltose first made its appearanca For the sake of comparison 
62 cm. of the unijyected portion of the small intestine, washed and cut 
into very small shreds, were infused in 36 c.c. of distilled water. After 
macerating for one day, & c.c. of the infusion were mixed with 100 c.c. 
of a 1 per cent, solution of starch. Maltose appeared in from five to 
six hours, but not distinctly until near the end of the eighth hour. 
Both the secretion and the infusion were without action on cane-sugar. 
This is to be attributed to certain conditions which I hope to incor- 
^H porate in another paper. It ia interesting to have observed that the 
^^b diastatic powe'r of ^e secreted Said was not stronger than a cor- 
^^H responding infusion of a fiesh portion of the intestine. 
^^H The mucous membrane of the injected loop was, as in previous ex- 
^^H periments, perfectly pala 

^^H Experiment LI. — Cat, male, weighing 2'77 kilogrma — of the same 
^^H sex, and nearly of the same weight and size as that used in the pre- 
^^H ceding experiment The operation was in all respects the same as 
^^H the other with the important exception that 20 c.c. of a 10 per cent. 




solution of aulphatG of soda wore mjected instead of 10 cc. of a 2 
per cent, solution — therufore, the eame amount of salt but i 
ceiitrated. Fifteen minutos lator the same q^nantity of the strychnia 
solution was injected aa in the last experiment. Within two minutes 
o slight general twitchings o£ the muscles were observable. In six 
minutes more the animal gradually afisumed the opisthotontc position, 
and two minutes afterwards there was a severe general tetanic spasm. 
The spasm was renewed within a minute, and continued without 
relaxation until the animal died, thirteen minutes and a half after the 
injection of the strychnia. 

Autopsy. — In the injected loop, which measured 56 cm. in length, 
and was situated 8 cm. from the crecum, were 26 c.e. of a colourlesa 
limpid fluid mixed with a small quantity of shreddy undigested rem- 
nants of food. As 31 cc. had been injected, inclmling the 1 cc. of 
the strychnia solution, there was an increase of 5 cc, which is to be 
explained by the amount of tlie 10 per cent, solution to the length of 
intestine injected exceeding the proportion in which I have found no 
increase to take place. 

These two experiments conclusively prove, if such proof were 
neceaaary, that, in opposition to the statement of Moreau, the 
araall intestine retains its power of absorption even when a. 
20 per cent, solution of a puigative salt has been injected. 
They also show, what previous experiments have led me to 
helieve, that the absorptive power of the intestine is leaa 
injured by a weak solution of the salt than by a strong solution. 

It were possible, as I have hinted, that some viscid or other 
character of the fluid secreted under the stimulus of the con- 
centrated salt might in part, if not wholly, account for the alow 
absorption of the secretion and its consequent accumulation within 
the intestine. For the secretion obtained by the action of the 
concentrated salt waa always more viscid than when the diluted 
salt was employed; and a layer of thick tough mucus waa 
generally observed lining the mucous membrane of the loop 
into which the former had been injected. To settle thia point, 
yet another experiment waa made, in which a 20 per cent, 
solution of the salt was removed from the intestine after it had , 
been allowed to act for an hour. The injected loop waa then ' 
carefully washed out, and a portion of it injected with a freah 
but weak saline solution, the remainder receiving nothing. For 
the sake ot comparison, an unused part of the intestine waa 
injected with the same weak saline solution. The result gave 
further confirmation of the conclusion to which the previous , 
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I experiments led, that tho absorptive power of the intestine was 
■largely impaired by the action of the concentrated salt. 
Experiment LII. ^Cnt, female, weighing 2'05 kilograms. Small 
iflttiestiiie exposed, and 64 cm. measured oH' and ligatured, and waahed 
■eat with a warm | per cent, solution of chloride of sodium. The 
openings formed for tho purpose of washing were ligatured off, and 
the loop thus prepared was divided into two nnequal parts by another 
ligature, the one part IJcLng, as nearly as possible, twice the length of 
the other. Into the longer were injected 10 c.c. of a 20 per cent 
solution of sulphate of soda, but nothing into the shorter. Tho 
intestine was returned within the abdomen, and the parietal wound 
was closed with a clamp for an hour, during which the animal was 
kept lightly ansestlietised. At the end of the hour tho intestine was 
again exposed, and tho injected loop was observed to be well distended 
with fluid, which was now roraoved by a small incision in one 
extremity of the loop. The fluid moasurod 26 cc, and was clear, 

» colourless, and distinctly viscid, becoming much more viscid after 
standing for an hour or two ; it contained a large amount of opaque, 
Tl'seid, flaky material. Tho uniiyected portion of the loop was per- 
fectly empty. The injected loop was next carefully waahed out with 
a warm 1 per cent, solution of sulphate of soda, and emptiod, aud the 
opening was ligatured off, and the loop divided into two equal parte 
by another ligature. There were, therefore, altogether three loops of 
nearly eqnal length on the intostina Into one of these nothing had 

»been as yet injected, whilst tho other had suffered from the action of 
It SO per cent, solution of sodic aiilpliato. Into the lirat of these, and 
into one of the other two, were now injected 7J c.c. of a 1 per cent. 
solution of the salt. The third was not interfered with. The oat was 
killed one hour afterwards. 

Autopsy. — The twice injected loop contained 7-8 c.c. of a colourless 
fluid, mixed with some white viscid flocculi, and was alkaline in reac- 
tion. The other, but only once, injected loop contained 1 c.e. of a 
viscid fluid. The third loop, forming the half of the longer loop 
previously injected with the strong solution of tho salt, and afterwards 
emptied, contained not a drop of fluid. 

From this experiment we learn that after the removal of a 
■strong solution of sulphate of soda from a loop into which an 

mour previously it had been injected, fluid no longer accumulatoH 
Jwithin the loop. But if a very weak solution of the salt be 
■aBJected into such a loop it will not disappear as it does from a 
■fresh loop. The latter fact shows that the absorptive power of 
■the mucous membrane has been impaired by the action of the 
Istrong solution of the salt; the former points to the viscid 

Blbaorption-hindering character of the secretion excited by the 
. being a factor in the increase of the contents of the 
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looj). For, if instead of a weak Boliitioii oE the salt, had the fluid 
secreted hy the concentrated salt heen allowed to remain in the 
loop, previous experiments teach na that the fiuiil would have 
continued to increase ; and this was not due to the excessive 
exci to-secretory power of the salt present, as by the time of its i 
removal from the loop it was so diluted (10 c,c. to 26 e.c.) that 
its strength was even less than 10 per cent., a strength which 
we know in the proportion injeiited does not cause accumulation 
of fluid within the loop in which it is placed. 

A careful examination wa.s made of the digestive properties of 
the 26 C.C. of intestinal fluid obtained at the end of the first | 
stage of the last experiment. Tliia was the more exactly done, 
as at the time I was making a number of experiments to ascer- 
taiii the comparative digestive powers of several animal fluids I 
and secretions, in order to have some idea of the relative import- 
ance of the digestive power of the intestinal juice. As in testing 
its diastatic activity I formerly observed within what time ■ 
maltose first made its appearance when the intestinal fluid v 
mixed with a 1 jier cent, solution of starch, I adopted the same j 
method in the present examination, altering, however, the pro- 
portion of tlie fluid to the starch solution, from 5 to 100 to 5 to 
10. For I had observed that the greater the amount of tlie 
starch solution, and, especially, the stronger the solution, the I 
later appeared the maltose ; and working with weak diastatio j 
fluids, as intestinal juice, if the starch solution were stri 
enough, say 5 to 10 pet cent, maltose never appeared, or at least I 
was not detectable by means of Fehling's solution. This may I 
account for the variety of opinion existing as to the diastatic I 
power of the intestinal juice. 5 c.c. of the intestinal secretion I 
of the last experiment were, therefore, mixed with 10 cc. of a 1 [ 
per cent, solution of starch, and placed in a digesting oveii. j 
Within half an hour maltose appeared, and by the end of flvt 
hours the mixture ceased to colour iodine either blue or ted, 1 
showing that both stiirch and erythnidextrin, the intermediate | 
protluct in the digestion of atai^ch, had completely lUsappeared. 

Other 5 c.c. were mixed with 10 cc. of a 1 per cent, solution -j 
of cane-sugar, In one hour there was a trace of invert-sugar, j 
which attar some hours became more, but never very, distinct, 

To yet other 5 cc. were added 0-5 gramme of fresh fibrin. Ia| 
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two hours there was no perceptihle change. Four hours later 
it was completely disintegrated, and for the most part diaaolved. 
Thi! fluid gave a very feeble peptone reaction, hut a considerahle 
deposit with the albumen prectpitants, so that, although the 
fibrin had been dissolved, not much of it had been peptonised or 
truly digested The alkali of the intestinal secretion had, no 
doubt, dissolved the albumen, forming with it an alkali-albuuii- 
nate. 

The digestive action oE the secretion on fat was finally tested. 
A few cubic centimetres of it wero shaken up with a few drops 
of acid-free cod liver oil, hut failed to emulsify them. Mixed, 
however, with slightly rancid or acid oil, it produced some degree 
of emulsion. This was evidently dependent on the alkalinity 
of the secretion due, probably, to the presence of carbonate of 
soda. A dilute solution of this salt formed a well-marked 
emulsion with the rancid, but none with the pure, oil. A fat- 
splitting ferment ia geuerally believed to be present in the pan- 
creatic juice, although Roberts^ in his recent Lnmlcian lectures 
thi'ows a doubt on its existence. And since the intestinal secre- 
tion failed to produce an immediate emulsification of fats, 1 
endeavoured to ascertain, by digesting it for some time in an 
oven with oil, if it also contained this peculiar ferment. For 
this purpose some of the secretion was mixed with a few drops 
Hi{ pure acid-free cod liver oil. The mixture was slightly alka- 
Hjne, and did not form an emulsion on .shaking. After three hours 
lihe mixture was almost neutral, and formed a slight but distinct 
iDulsion on shaking. A small quantity of the fatty acids had 
Itlierefore been set free, which, becoming saponified by the alkali 
if the secretion, slightly emulsified the oil. If more of the fatty 
(ads had been disengaged than there was free alkali to unite 
Kith, then the addition of a drop or two of the carbonate of soda 
"■should have converted them into soap and increased the degree 
of the emulsion. Carbonate of soda, although added to a portion 
of the mixture, did not, however, render the emulsion more dis- 
tinct. Again placed in the digesting oven, and examined after 
other three hours, the mixture on being well agitated did not show 
a better emulsion than previously ; but, although neutral litmus 

t. not visibly reddened, the emulsion became much more 
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prouounced on the addition of a drop of a solution of carbonate 
of aoda. The oil had, therefore, been partly decomposed by the 
intestinal fluid, b\it very slowly. The method I have employed' 
for detecting the presence of free fatty acids by adding an alkaline 
carbonate, and observing the degree of emulaion produced on 
shaking, seems to me a much simpler and more efficient method 
than testing the acidity of the fluid as is commonly done. It is 
extremely difiicult to obtain evidence of an acid reaction when 
there is only a trace of free fatty acids, and this difficulty bas 
been the cause of many contradictory statements as to the fat- 
splitting power of even the pancreatic juice. 

1 have throughout this series of experiments regarded the 
action of the salt as purely local, and not appreciably involving 
any part of the nervous system outside of the intestinal wall. 
Professor II. C. Wood's experiments, of which I have already 
taken notice in the historical part of this paper,^ appear to indi- 
cate that section of the vagi is capable of preventing purgative 
action by inhibiting secretion. He administered arsenic and 
croton oil to several cats with divided vagi without iuducii^ 
purgation, but it is not stated in the short report of bis experi- 
ments, which I have had the opportunity of perusing, whether 
he examined the intestines after the administration of the purge, 
and found tliem empty. The failure of these substances to 
purge might have been due as much to paralysed or even irregular 
peristaltic movements as to inhibited secretion. To decide , 
wliether the action of a saline purgative was similarly i 
by division of the vagi the following experiment was mad 

Hxperimeni LItl. — Cat, female, weighing 2'25 kilogrmB, Cut the 
vagi in the neck, carefully avoiding iiyury of the sympathetica, which 
in the cervical part of their courbe are closely united to the vagi, Im- 
mediately afterwards the abdomen was opcued, and 10 c.c, of a 20 per 
cent solution of sulphate of soda were injecteil into a collapsed and 
empty loop of the small intestine, which was previously ligatured. 
Killed after the lapse of two hours. 

Autopsy. — The loop measured 63 cm. long, and contaioed 32 cc. 
of a colourless, slightly opaque, viscid fluid, with the usual alkaline I 



Division of the vagi had not, therefore, in this experiment 1 
interfered with the exeito-secretory power of a strong solution of I 



I',,' ' secret 
^^L great! 
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■l saline purgativa In how far it might have aflected the peris- 
talsis of the intestines, the experiment fails to show. But the 
deduction is important, that the salt can purge, in so far as it 
excites secretion, independently of the vagi, and that Wood's 
experiments do not prevent me from endeavouring, as I have 
done, to find in the intestine itself, and in the nature of the 
fluid injected and secreted, a sufficient explanation of the pheno- 
mena hitherto observed. Moreover, the results of Wood's experi- 
ments stand in contradiction to those obtained by John Eeid,^ 
wlio claimed to have observed that arsenic increased the intestinal 
secretion in animals with divided vagi. 

With this experiment I conclude Series B., and in order to 
admit of a ready comparison of the results of the various experi- 
ments I subjoin them in a tabular form. Cats were employed 
for all the experiments, with the exception of XXXIV., in which 
h rabbit was used. 

The main object of this series of experiments was to ascertain 
whether, in contradiction to the theory previously expressed, a 
purgative salt excites a flow of secretion from the intestine. A 
careful consideration of all the experiments leads but to one 
conclusion — that a pur^tive salt (aidphate of soda), whatever 
be its amount, or its strength of solution, invariably excites 
more or less secretion ; and that, depending on the relative 
activity of absorption and secretion which processes proceed 
simultaneously in the intestine, the bulfe of the injected sahne 
solution increases, diminishes, or remains constant in amount, 

The detailed results obtained are many of them striking, and 
I briefly recapitulate them: — (1) A 20 per cent, solution of the 
salt always excites a profuse secretion: (2) a 10 per cent, 
solution also increases in bulk, if injected in suflicient quantity ; 
(3) but if in limited quantity (10 ac. to 60 cm. of intestine) it 
does not increase ; (4) whereas a 20 per cent, solution, containing 
the same quantity of the salt, and injected into the same length of 
intestine increases very lai^ely in volume : (5) nevertheless, secre- 
tion is active in (3), as ascertained from the change in the char- 
acters of the fluid, but is balanced by absorption ; (6) and while 
secretion may be more or less stimulated in (4), absorption is 
greatly impeded but not in abeyance, aa Moreau would have us 
John ReiJ, Fhyniulog. Avafom. and FaikoJogkal Kesearcli^a, 1848, p. 241. 
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^H believe ; for the injected salt has dimiuished in quantity, and ^M 


^H atrychnia can still pass Erom the loop into the circulation: ^H 


^H (7) after remuval of the secreted fluid in {1) or (4), no more ^| 
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IinteBtine is to excite secretion from the muooiis membrane in its 
immediate vicinity, and therefore add to the bulk of thu saline 
Bolution ; (10) the reflex effect of a ligature, as exercised through 
the nervous system, is, on the contrary, to diminish the quantity 
of the secreted iluid, probably by stimulating and accelerating 
absorption : (11) division of the vagi does not afiect the quantity 
or nature of the seeri^tion : (12) all parts of the small intestine 
yield an equal amount of secretion when acted upon by the 
salt ; (13) and the large intestine behaves in a similar manner 
towards the salt, excepting that, partly froiu the greater viscosity 
of its secretion, and partly from the nature of its mucous mem- 
brane, absorption proceeds with greater slowness than in the 
small intestine : (14) the secreted fluid does not contain more 
than a trace of albumen, and not more thau is present in 

■ ordinary saliva, and cannot, therefore, be an inflamuibitory 
exudation, as Viilpiait suggests : (15) on the other hand, it 
always contains much mucin, especially wlien obtained by the 
action of a 20 per cent, solution of the salt: (16) the fluid 
possesses, although in small degree, all the digestive properties at- 
tributed by most physiologists to the succus entericus— converting 
starch into maltose, inverting cane-sugar, splitting np fat, and 
dissolving.if not peptoni3ing,albumen : (17) the mucous membrane 
is without exception pale, rather than congested, after the action 
of the salt — another fact opposing Vulpian's view: (18) and, 
finally, no increase in the vigour of the peristaltic movements of 
the' injected loop of the intestine was ever visible. 

Some of these results are of purely physiological interest, and 
help but little to solve the nature of the action of a dose of a 
saline purgative when administered in the usual manner. They, 
however, serve to determine the value of a method which has 
been much employed in recent years to ascertain the action 

I of medicines and particularly of purgatives on the intestines, and, 
as yet, the only method by which it has been shown that a 
purgative salt excites secretion from the intestinal wall. They 
Indicate how comparatively trivial alterations in the conditions 

I of the method may greatly affect the issue of the experiment, 

[ and they will thus tend to render more accurate and trust- 
arthy the work of succeeding investigators. Yet this method 

L of Colin and Moreau is open to serious objection on account of 
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the necesaarily great disturbance of the abdominal viscera 
occasioned by their exposure ; and while, as I have already 
stated, it clearly leads to the conclusion that the purgative 
salt excites secretion within the intestine, proof must still be 
turniBhed of the truth of this occurrence by such methods as will be 
free from the disturbance of an abdominal operation. The next two 
series of experiments supply this want; and until these have been 
presented no attempt will be made to explain and reconcile the op- 
posing results of the experiments of this and the preceding series. 



Series of Expekiments, C. 

The effuct of saline purgation on the concentration of the blood. 

The first series of experiments tended to show that the salt 
when administered without water, or witli insufficient water, was 
not capable of purging ; and the conclusion naturally was that 
the salt did not excite secretion, or draw fluid from the blootL 
But, as in order to free the alimentary canal from fluids the 
animal received no water with ita food for one or more days 
previous to the administration of the salt, it was possible that 
in addition to the canal being freed from its water, the blood 
had become considerably concentrated from the deprivation of 
ita water-supply, while the kidneys continued to secrete almost 
as abundantly as usual. The concentration of the blood thus 
effected might have resisted the abstraction of fluid by the salt, 
and have constituted the principal if not the sole cause of the 
absence of puliation when the salt was administered with little 
or no water. I have already suggested this explanation, and I 
shall ofl'er the proof of its probability in the course of the 
following experiments. 

One other fact of primary importance is brouglit out by these 
experiments. Whatever action a diluted solution of the salt 
may have in exciting intestinal scretion, the strongest evidence 
will be furnished of a concentrated solution abstracting a large 
amount of fluid from the blood. 

In order to ascertain the degree of concentration of the blood, 1 
the number of corpuscles in a given quantity of it was from time 
to time counted according to the method introduced by Vierordt, 
and afterwards improved by Malassez and Hayeni. I reckoned an 
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iiicreaae in the number of the corpuscles as equivalent to a loss 
of serum, and a diminution as indicating dilution of the blood. 

The relation of the number of the blood-corpuscles to the 
ciuantity of the serum is greatly altered, aa is well known, in 
many diseases, notably in antemia. These alterations are 
believed to be almost entirely due to the diminution or increase 
of the total number of the blood -corpuscles in the body, the 
serum undergoing no alteration in quantity. There are, how- 
ever, physiological variations of daily occurrence, which are to 
be attributed to no change in the number of the corpuscles, 
but to the diminution or inerease of the liquor sanguinis, and 
are mostly the effect of diet and digestion. Thus, after a meal, 
Sorensen, Uup^ri^, Buntzeu, and others have shown that the 
blood becomes more concentrated from a large part of its water 
passing out in the alimentary secretions — the gastric, pancreatic, 
and intestinal juices, and the bile. The concentration will be 
less, or not at all, discernible, according as little or much fluid 
is taken with the food ; for that being absorbed will take the 
place of the fluid which has been poured out in the secretions. 
When the food after digestion begins to be absorbed and pass 
into the circulation, the concentration of the blood is relieved. 

If the food can by its withdrawal of water from the blood 
make this ascertainable through the relative increase of the 
corpuscles in the blood, it is to be expected that a purgative 
salt, if it excites secretion, should have its action similarly 
registered by a concentration of the blood. But, as when much 
fluid ia consumed with the food, no concentration of the blood 
occurs, so it may be anticipated that only a strong solution of 
the pui^tive salt will thus affect the blood, a weak solution per- 
mitting of an absorption which equals in amount the secretion. 

Gower's modification of Hayem's instrimaent was that used for 
measuring and diluting the blood and counting the corpuscles. 
Two separate enumerations of the corpuscles were always made, 
and in the first two experiments one of these enumerations was 
made by Dr. Logan, who kindly assisted me, and the other by 
myself. Ten of the microscopic square areas were always in- 
cluded in each counting. 

Experiment LIV. — J. W., male, mt. 33. Partook of a light meal 



of hreod and milk at 11 ^ 



At 3.5 



a bed, and at 
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^^H 3.25 P.M. n drop ni blood waa withdrawn in the usual manner from 
^^K the thonni' eminence of the right hand. Care waa taken that the akin 
^^1 of the hand was perfectly clean at the point punctured and free from 
^H moiamre. If the blood did not come freely, it was never pressed out, 
^^H as by pressure the interstitial fluid of the tissues waa apt to be mixed 
^^H with the blood ; and if without preaaure not more than a single drop 
^^H oozed out it waa rejected, and another and deeper puncture made; for, 
^^1 again, was there achanceof ita contamination with the tissue-fluid from 
^^1 ita slowly appearing. At 3.38 p.m. a second enumeration of the blood- 
^^H corpuscles was made for the purpose of controlling tlie first, and two 
^^1 minutes afterwards a purgative dose of sulphate of soda in a concen- 
^H tratod form waa administered. The blood was examined soveral times 
^H afterwanls. All the corpiisdes, both red and white, ivero counted, and 
^^H the numbers obtained throughout the experiment were as follows : — 
^^1 3.25 P.M. — 4,850,000 corpusclea in each c.mm. of blood. 
^H 3.36 P.M.— 5,020,000 

^H 3.40 P.M.— Admiuistered 21-3 grammes (J oz.) of sul- 
^^H phatfi of soda dissolved in 85 c.c. (3 oz.) of 
^^^1 water, or about a 20 per cent, solution. 
^^H 4.15 p. u.— 6,540,000 corpusclea in each c.mm. of blooJ. 
^H 4.55 P.M.- 6,790,000 
^B 5.20 P.M. -6,610,000 
^H 6 P.M.— 6,710,000 
^H 6.45 p.m.— 5,740,000 
^H 7.40 P.M.— 4,930,000 
^H 7.45 P.M.— Dinner. 
^H 1 A.H.— 6,020,000 
^^H co^Di^<^» E.V]'r.riiMi:M-Liy. (Mnn). 
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The first evacuation of liia bowela occurred at 6 a.m. on the follow- 
ing morning, and three hours afterwards there was a second fluid 
dejection. 

These numbers show that very shortly after the administra- 
tion of the salt the blood has become highly concentrated, the 
result without doubt of tho rapid loss of fluid which it has 
suffered during the action of the salt iu the alimentary canal. 
The dt^ea of concentration is remarkable, and reveals to what 
extent the quantity of the liquid constituents of the blood may 
he reduced without buing manifested by any corresponding out- 
wardly visible symptoms. If the enumerations were mado 
correctly, and every care was taken to ensure that they were, 
and if the numbers of the corpuscles truly represent to what 
extent the blood has been deprived of its fluid, it can be readily 
calculated that the total quantity of the blood had become 
reduced at 4.55 P.M. from 1 to 073; and supposing the man 
weighed 140 lbs., and that 10 Iba., or the ^^jth part of this weight, 
were blood, then 27 lbs. of fluid must have passed into the ali- 
mentary canal. 

But what is almost as remarkable is the rapidity with which 
the blood has returned to its normal state of dilution. This it 
accomplishes within four hours after the administration of the 
salt, and without any fluid having been taken in the interval. 
We cannot believe that the fluid at first poured out by the blood 
into the alunentary canal was afterwards absorbed, else how did 
puliation occur next morning. The dilution of the blood is 
only to be explained by the concentrated blood abstracting 
water from the tissues, in virtue both of its concentration and 
of its endosmotic power having become increased by the presence 
of the absorbed sulphate of soda. 

Another noteworthy point ia the concentration of the blood 
ail hour after midnight. This secondary concentration of the 
blood I have obsei-ved in all my experiments, and I believe it 
exists during the greater part of the day following the adminis- 
tration of the salt, and long after the salt has ceased to excite 
alimentary secretion, and is doubtless to be attributed to the 
diuresis created by the absorbed salt in the process of its 
elimination by the kidneys. The diuretic effect ought certainly 
to begin so soon as absorption of the salt occurs, that is, almost 
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immediately after administration; but it is probable that the 
absorption o£ the salt proceeds' slowly, and its full diuretic 
action is not observable until after aome time. Moreover, after 
the drain upon the blood by the salt within the intestines liaa 
has been arrested, the ties lie -flu ids will for a while be able to 
balance the diuresis ; but, when the tissues begin to yield their 
fluid more slowly from their comparative exhaustion, the diuresis, 
proceeding with the same rapidity as previously, will lead to a 
concentration of the blood. The quantity of urine evacuated 
before and after purgation supports tliis view. 

Day before the experiment, . . . 1596 &e. 

Day of the experiment, .... 1316 „ 

First day after the experiment, . . 2240 „ 

Second day after the experiment, . . 1120 „ 

The next experiment was made a few days afterwards on the 

same individual. On this occasion a dilute solution of tlio same 

quantity of the salt was administered. 

Erperimmit LV,- — The blood waa taken from tbo thenar omiuonco 
of the right band as in the previoiis experiment At 11 a.m, he was 
supplied with a light diet of bread and milk, and at 3.20 p.m. be waa 
placed in bed and the experiment commenced. The following ia tlio 
record of the varioua enumerations of the blood corpuacles before and 
after the administration of the purge. 

3.40 P.M.— 5,260,000 corpuscles in each c.mm. of blood. 
3.55 P.M. — Administered 2r3 grammes (f oi!.) of sul- 
phate of soda dissolved in '227 e.c. (8 oz.) 
of water, followed imniediateiy by other 
227 C.C. (8 oz.) of water, altogether about 
a 5 per cent, aolutiom 
4.20 P.M. — 5,140,000 corpuscles in each cmm of blood. 
6.10 P.M.— 5,310,000 

6.32 P.M.— 5,300,000 „ „ „ 

5.40 P.M. — Free watery pui^tiou. 
6,22 P.M.— 5,235,000 curpuscleaia each c.mm of hhwd. 
Next moniing and before breakfast : — 

9,30 A.M. — 5,830,000 corpuscles in eocli c.mm. of blood. 

The dilute solution of the sulphate of soda, unlike the concen- 
trated solution, caused no immediate concentration of the blood ; 
but here, also, as with the other, there followed a remote hEematic 
concentration, which was naturally to be expected if the explana- 
tion I have already giveu of this concentration hi' correct, an 
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explanation supported once more by the quantity of 
excreted. 




Showing the effect of the adtliinUtrtttioD of ft 6 per cent, solution of sulphftte of 
stxiiiou thD (■oncentration of the blood. PiJrgiiliveaiiniiiiiatiircdttti); purga- 
tion occurred nt m. 

Day before the experiment, . . , 1092 c.c 

Day of the experiment, .... 528 „ 
(The arine evacuated at 5.40 p.m., when pur- 
gation occurred, is not iiichided.) 
Day after the experiment, .... 1736 „ 
A dilute solution of the salt passes, therefore, through tlie 
canal without, in so far as its purgative effect is concerned, pro- 
ducing any change in the volume of the blood. The remote 
concentration of the blood, due, as I believe, to diuresis, is, how- 
ever, almost as evident as in the previous experiment. 

We are warranted in concluding from these two experiments, 
contrary to the view expressed in the first series of experiments, 
that, at any rate, a concentrated solution of a saline purgative 
excites secretion within the alimentary canal sufficient to pro- 
duce a marked diminution of the volume of the blood. Thus, 
by a method less open to objection than that employed in tlie 



86 THE ACnOM OF SAUNG CATnARTICS. 

preceding series of experiment, we have arrived for the concen- 
trated salt Qt the same result. 

The two succeeding esperimeuts are merely a repetition on 
tlie dog of those I had made od man, as I deemed it desirahleto 
have confirmation of the intereating results obtained. 

Re^erivient LVI. — Terrier Mtch, weighing 6'12 kibgMna. No 
food on day of experiment. The outer surface of the calf of tlie 
right fore-leg was cleanly shaved, and from this, by puncturing with a 
sharp needle, sufficient blood was obtained for examiimlion. 

3.20 P.M.— 5,530,000 corpuscles in each cnim. of blood. 

3.45 P.M. — AdministGred 13 grammes of sulphate of Boiia madu 

into large pills with broad and a few drops of 

miioilage. Tins quantity dissolvBd in water had 

been found aufiicient a week previouBly to purge 

the animal. 

4.15 P.M.— 6,730,000 corpuslcs in each c.mni. of blood. 

4.45 P.M.— 6,500,000 „ „ 

5.45 P.M.— 6,380,000 „ „ „ 

7.20 P.M.— 5,860,000 

8 P.M.— 5,680,000 „ „ 

8.10 P.M.- — Fed as usual. 

Next day, and before receiving food : — 

10.45 A. M.— 6,320,000 corpuscles in each ctum. of blood. 
5 P.M.^Fluid evacuation of the bowels. 
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^H^ The result uf this experimeut is practically the same as that 

^H of Experiment LIY., except that the concentratian of the blood 

^^H is not quite so excessive. 

^^B Sxperiinent LVII. —Same dog aa in precodiug experiment, but 

^^H BBVural ilaya afterwards. So food on day of experiment. Blood 

^^H bikun frum the same part of the body as l^ofore. 

^H 11.30 A.M.— 5,490,000 corpuscles in each c.mm. of blood. 

^^H 11.35 a.m. — Administsred 12 grammes of sulphate of soda 

^^^ dissolved in water so as to form a .'i per cent. 

^^m 12 noon.— 5,300,000 corpuscles iu each c.mni. of blood. 

^^1 12.23F.iit.— 5,310,000 

^^B 1.10 F.M— 5.690,000 

^^1 2 F.H,— 5,350,000 

^^1 3 P.M.— 5,430,000 

^H 4,30 p.m.— 5,720,000 

^B 6 P.M. -5,690,000 

^H 6.20 P.M.— Fed OB usual. 

^^H Next iftorning, and before feeding :■ — 

^H 10.18 A.M.— 6,110,000 corpuaeles in cflch c.mm. of bbwd. . 

^^H Purgation took place iliirin^' the nigbt. ^^^^^^^| 
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^^B Boda on the cunouiitratioii of tlio blood, Fiirgative administered at p. ^H 
^^H Here, again, as in the corresponding experiment on man, a ^H 
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dilute solution of the purgative does not produce on immediate 
concentration of the blood, but does eo after many hours. 

From the next experiment, which concludes the present Beries, 
we learn that, if a dog be allowed no water for two days, the 
blood will become concentrated; and if, in this condition, a 
concentrated solution of a purgative salt be administered, little 
or no further concentration of the blood will occur, showing 
that in such a condition the blood is no longer capable of part- 
ing with ita water to tho secretion excited by the salt, or porta 
with it in a quantity insufQcient to produce puliation. An 
explanation is thus offered of the results obtained from my first 
series o£ experiments. 

Erperimmii LVIII. — Same dog as in the two preceding expori- 
ments. Tad for two days on stalo whenten bread ; no water. No 
food on day of experiment. Blood taken from the same part of tho 
body as previously. 

Before the commencement of tho water-restricted diet, the corpuBclea 
in one amm. of blood umnberod 5,510,000. On the third day of the 
wpectal diet, they were as follows :— 

6.10 P.M. — 6,910,000 corpuscles in each c.mra, of blood. 
5.20 P.M.— 6,800,000 „ „ 

5.36 P.M. — ^AdmbuBtered 12 grammes of sulpbato of sodn made 
into pills with bread and a drop or two of 
syrup. 
6.10 P.M.— 7,130,000 corpuscles in each c.mm. of blooiL 
6.30 p.m.— 7,210,000 
G.65 P.M.— 7,120,000 
7,3 P.M. — Vomited between 20 and 30 c.c. of exceaaively 
tough, glairy, colourless fluid, a. small portion 
being sbghtly tinged with blood. It was eo 
viscid that, afUtr standing for half an hour, it 
could hardly be poured out of the vessel in 
which it had been collected. It was mixed 
with a large quantity of undissolved crystals pf 
the sulpliate. The reaction was acid, but not 
so strongly acid as the gastric juice usually ia. 
Purgation never oeeurrod, although water was given to the dog | 
immediately after it vomited. 

The blood, notwithstanding its previous concentration from a 
restricted water-supply, loses a small portion of its fluids, pro- 
bably as much as the salt has required for ita solution and 
absorption. Tlie pill form in which the salt was given did tiot, 
I tliink, delay ita iictiou, as the pills were made only a few . 
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I minutes before administration, and were very friable, breaking 
, down with the gentlest pressure. 




Showing the affect on the concentration of the blood,— of (1) abatinente from 
water, anil (2) the ailminUtration during tiiia condition . of a purgative dose 
of sulphate of Bodn in n connentrateii form. Purgative BdmiaiateL'ed at p; 
vomiting oconrred at i^. 

l^e result of this experiment explains how, in the first series 
' of experiments, purgation failed to be produced by the adminis- 
tration of a concentrated solution of a saline purgative to an 
auimal which had received no water for two days previously. 
By the restriction of water in the diet, not only was the alimen- 
tary canal emptied of its fluids, but the blood was also greatly 
concentrated. And, notwithstanding Experiment XXIX., where, 
indeed, a little pui^tion did occur, I am strongly inclined to 
think that the concentration of the blood was a much more 
" powerful factor iu the prevention of purgation than the absence 
of fluid in the dimentary canal A single night's fasting is 
eufScient to deprive the canal of fluid, as I have ascertained 
■ whilst making the experiments of the succeeding series; and 
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after so aliort an abstention from water, I have ui>,ver found that 
cats were to any extent leas powerfully purged by a eoncentrat-ed 
solution of the salt than by a dilute solution, although it has 
been proved in Series A. that the former foiled to act when 
water was withheld from the animal for two days or more. 
This implies, indeed, that the method employed in Series A U 
not satisfactory, but it still leaves us the very interesting 
fact, that when the blood becomes concentrated it no longer 
yields secretion to the stimulus of a saline purgative applied 
to the mucoua membrane of the alimentary canal. It v?ould 
appear to bo otherwise when the secretion is the result of in- 
flammatory irritation, if the result of the experiment with croton 
oil (Experiment XXX.) can be proved to be constant. 

In justice to M. Brouardel, I ought to mention that he haa pre- 
ceded me in tho atuily of the action of eathartica on the concentra- 
tion of the blood, althougli 1 wae not aware of the existence of hia 
paper {L' Union MBiUcale, No. 110, t. xxii.) when I made the above 
experiments. The conditions of his experiments are, however, so lax, 
that the absence of any account of them in phyeiological and pharma- 
cological test-books is readily understood. Hia investigation was 
condocted on patients in the hoB|)ital of St. Antoine. The purgatives 
employed were raatoi oil, croton oil, jalap, and in one instance a 
saline solution (Eau de Sedhtz), and the degree of concentration of the 
purgative was not attended to. The blood was examined some time 
in the afternoon, and apparently without regard to the effect of ordi- 
nary meals on its concentration. The puigative was shortly afterwards 
administered, and the blood was not again examined until some time 
on the following day, so that the concentration he observed was that 
which I have pointed out as secondary and not immediately dependent 
on the cathartic action of the salt. Moreover, in nearly every case, 
eight altogether, his patients were suffering from diseases which might 
of themselves have serionsly affected the condition of the blood when 
under the influence of purgatives — heart disease and anasarca in two' 
cases, prolonged constipation (eight days,' &c.), in four others. Ks' 
adds, in opposition to Ch. Kohin,' that pu^tives diminish instead 
of notably augmenting the number of the white corpuscles in the 
blood. 

' Ch. Robin, ififojM siir les hianeun nmiiuilcs cl inorUdca, Puria, 1887, p. 52. 
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Series of Experiments, D, 



The eSect of the salt on tha alimentaiy canal, and the absorp- 
tion of the salt from the canal, aa ascertained by killing the animals 
at stated intervals after its administration by the mouth, and mea- 
suring the fluid in the canal, and estimating the quantity of salt 
present 

The methoda by which I have arrived at the conclusion that 
a purgative salt excites secretion within the alimentary canal are 
thoae of the two preceding series of experiments. The former 
of theae methods is not without objection, aa I have more than 
once admitted, although I have attempted at 3ome length to 
define in how far the conditions of the method modify the 
action of the salt. And it may be urged against the latter 
method that the relative increase of the blood-corpuaclea is no 
direct or positive proof of the serum being diminished; we merely 
infer that there is diminution of the latter, because we do not 
believe it possible that the total number of the corpuscles in the 
blood can be as suddenly increased as the resulta of the B, Series 
of Experiments would otherwise imply. 

I have now to describe a method, which, from its extreme 

simplicity and the absolute normality of its conditions, is free 

from every objection, Tt suggested itself to me in the course of 

my experiments on the exposed intestines of the cat. In these 

it wiU be remembered that the animal received no food of any 

kind on the day of the experiment, nor for more than twenty 

hours previous to the operation, and that the diet was uniform 

in kind and quantity for at least a week previously ; care also 

was taken to observe that the ficces liad been for some days of 

their natural firm consistence. Under these conditions I had 

frequent opportunity of observing the state of the alimentary 

canal of tJie various cats operated upon. And I always found 

'. that on opening the abdomen the small intestine in its whole 

; length was completely collapsed and appeared perfectly empty ; 

and, if I attempted to press out the contents of the intestine 

I through the incisions made for washing it, never more than one 

I or two drops of mucus escaped, mixed now and theu with a 

L small quantity of brownish shreds of undigested food, and fre- 
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. qncntly with fragments of tape-wonas. Or, if I laid open 
the whole length of the alimentary canal, as I did on more than 
one occasion when the animal was killed intentionally or 
accidentally hy an overdose of chloroform, the canal was practi- 
cally empty excepting the large intestine, which alwa3's con- 
tained more or less of brown firm fajces. The total quaotity of 
mucous fluid found in the atomach and small intestine never 
exceeded 5 cc, and was in most cases practically nil. The 
contents of the colon were always firm, and quite as hard as 
evacuated fieccs. In all my experiments, where the intestine was 
ligatured and injected, and the animal killed after a certain 
number of hours, the condition of the remainder of the canal 
was always carefully observed and noted after death. In look- 
ing over these protocols I found that the stomach usually 
contained from 1 to 2 c.c. of yellowish fluid of an alkaUne 
reaction, or very rarely acid. Only in one instance did the 
quantity of the fluid attain 5 c.c. From the whole length of 
the small intestine, excluding of course the part operated on, 
one or two drops of mucus were generally obtained, and on no 
occasion more than half a cubic centimetre. The contents of 
the colon were as described. I therefore felt perfectly warranted 
in concluding that the alimentary canal of a healthy cat con- 
tains virtually no fluid twenty to twenty-four hours after a 
meal. Now, if a saline purgative be administered to a cat ia . 
this condition, it is evident that by killing the animal at stated 
intervals afterwards and ascertaining the amount of fluid in the 
canal, it will he possible to obtain a fairly accurate estimate of 
the quantity of secretion excited by the salt, if secretion does 
actually take place. There is no disturbing element in the form 
of any vivisective operation. This method further promised, by 
the opportunity it gave me of analysing the quantity of the salt 
recoverable from the alimentary canal, the means of ascertaining 
with what rapidity the salt was absorbed, and whether or not it 
underwent the remarkable variations in quantity — first being 
absorbed and afterwards excreted — which Headland mentions, 
and to which I have f\illy alluded.^ 
The details of the method employed in each of my experi-j 
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ments hardly require description after what I have just said. 
The cat, for cats were always used, was fed regularly on a stated 
quantity of boiled flesh for at least a week previously, the 
condition of the fffices being observed, and the animal rejected 
if the excrement was in the smallest degree more soft than 
normal The last meal was given on the day preceding, and 
not later than twenty hours before, the experiment During 
this interval water, as well as food, was withheld from the 
animal. The experiment began with the injection of the solu- 
tion of the purgative salt into the stomach ; and this was made 
through a vulcanised tube passed down the cesophagus, so that 
no part of the solution was lost. As the cat was extremely apt 
to vomit shortly afterwards, its attention had to be distracted 
for half an hour or longer by frequent stroking. Even in spite 
of this it often vomited, and delayed for a few days the experi- 
ment. At the expiry of the desired interval, if purging had not 
previously taken place, which was not unfrequeutly another 
source of delay, the cat was killed as in former experiments. 
As the fluid faeces were extremely apt to escape from the anus 
during the struggles which preceded death, special care had to 
be taken that none was lost. This was best effected by trans- 
fixing and ligaturing the anus immediately after stunning the 
cat. In some cases, where the amount of fluid in the various 
portions of the alimentary canal was to be ascertained unaffected 
by the changes produced by the convulsions of the whole 
muscular system which preceded death, the abdomen was at 
once opened after tying the anus and before the animal died, 
but whilst it was unconscious, and hgatures were placed round 
the canal at various points. The fluid present in the canal was 
measured along with what solids it might contain. These in 
the fluid from the small intestine were never more than frag- 
ments of tape-worms ; in the large iutestine, a quantity of sohd 
fieces. The contents of the large intestine were evaporated to 
dryness over the water bath ; and, by adding to the weight of 
the residue the proportion of water which the ordinary unevac- 
uated fffices contained, I had the means of ascertaining with 
considerable exactness to what extent the quantity of the fluid 
been increased by the normal contents of the colon. The 
percentage of water in tlie normal contents of the colon I 
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estimated in several other cats, and found it to be fairly constant 
These estimations 1 now give ; — 



ToUl WElghl of iho 


WetglitatliraTyIng 


PsK^nUgB Qt 


Qn»ntilrotH,SO,M 


ConUnui of tlie Colon. 




Waler. 


N.^..ion,o. 


grmM. 






gmut 


I'Sl 


1-B18 


65 


0-016 


4-3i 


l-«8 


67 




10'27 


8-321 


68 




372 




S4 




8-91 


1-408 


64 




9-641 


3-B84 


66 


0-063 


12-80* 


3-100 


76 


0-101 



The average percentage of water in these seven different 
iiuantities of unevacuated fffices is 67'1 per cent. As this , 
proportion of water in normal fteces is not absolutely definite i 
and invariable, and, as the average obtained may have been a ; 
little too high from the exceptionally large percentage in the 
last quantity of fasces, I have for convenience considered the 
usual percentage to be 666, which allows of the weight of [ 
the fiecal matter in the colon being obtained from the evapo- 
rated residue by simply multiplying the weight of the latter 
by three. "Where the purgative salt ia mixed with the 
fasces, its weight must, of course, be estimated and deducted 
from the total residue before trebling. The weight of the 
contents of the colon were thus ascertained, and, by sub- 
tracting it from the total quantity of fluids and solids in the 
alimentary canal, it was easy to gain a tolerably correct notion 
of the quantity of the secretion excited by the administered , 
salt. 

In order to estimate the quantity of the salt in the alimentary 
canal, the canal from the cardiac orifice of the stomach to the 
lower end of the rectum was removed from the abdomen, elit 
open in its whole length, and infused repeatedly— generally 
eight to ten times during three or four days — in distilled water. 
The variuua infusions were mixed and evaporated to dryness; 
and the residue, added to that previously obtained from the J 
contents of the canal, was sprinkled, unless where the sodium [ 
was estimated when lime was used, with a small quantity of I 
dried carbonate of soda, and burned. The ash was dissolved ini 
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hydrochloric acid, and the sulphuric acid estimated hy the usual 
method. 

From a number of experiments given in an earlier part 
of this paper,^ I concluded that 5 grammes of crystalline 
sulphate of soda was a dose sufficient to purge with cer- 
tainty a cat of average weight. The cats selected were, as 
much aa possible, of similar weight, full-grown, and well-con- 
ditioned. 

The iirst three experiments were made principally with the 
intention of observing the effect of different degrees of concen- 
tration of the salt on the amount of the fluid within the 
canaL 



E.cpei'iment LJX. — Cat, male, weighing 3-28 kilogrammea In- 
jected ^er ne into the stoaiach 5 grammes of sulphate of soda dissolveJ 
in 100 c.c. of water, or a 5 per cent, solution. Killed exactly one hour 
afterwards. 

AuTOPBT. — The stomach contained 1'5 e.c. of alkaline, transparent, 
colourless, frothy mucus. The small intestine, which was 141 cm 
long, contained 24 c.c. of s brownish fluid, mixed with fragments of 
several large tape-worms ; reaction also alkaline. In the colon and 
rectum there were only 2 c.c of a thin brown fluid. The remainder 
had escaped from the anus while the animal was dying, hut was 
carefully collected by holding a porcelain basin beneath ; for during 
my first experiments I had not employed the method of ligaturing 
the anua. The evacuated material conaisteii of a mixture of firm 
fieces with a large amount of watery liquid, and measured 87 c.c. 
The colon and rectum ware 19 cm. in length. No part of the 
mucous membrane of the intestines exhibited any congestion which 
could be attributed to the action of the purgative; a few small reddish 
spots, hut apparently of long standing, and probably caused by the 
tape-worms, were observable in the upper part of the smaU intestine; 
otherwise, the mucous membrane was perfectly pale throughout both 
stomach and intestines. 

The residue obtained after evaporation of the Huid weighed 6'914 
grammes, and the ash, less the carbonate of soda, 2'793 grammes. 
From this ash, which included that of the iafusions, was recovered 
sulphuric acid equivalent to 2-488 grammes of KajSO^.lOHoO, 
which corresponds to 1'097 grammes of tbe water-free salt. Deducting 
the latter weight from the ash, we obtain 1-696 giammes, or the 
amount of the ash of the contents of the canal apart from that added 
hy the aulphata If from 6914 gj-arames, the weight of the evapo- 
rated residue, he taken 2'488 grammes, or the amount of the crystalline 
sulphate of soda recovered, there remain 4"426 grammes, or the real 
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weight of the water-free aolids of the & 
giyas approximately the quantity of 
previous to the adminiatration of the purge, which quantity — reckoii- 
iug each gramme as equivalent to a cubic centimetre — deducted from 
the total quantity of the contente found in the ahmentary canaJ, leaves 
101'22 c.c. as the amount of finid due to the presence of the purgative 
aalt. The specific gravity of the fajces, which was in several cases 
estimated, is so Httle ahove that of water, as to justify ignoring the 
difference in deducting the weight of the freces from the built of the 
fluid. 

This experiment brings out three, perhaps four, noteworthy 
pointa. The amount administered of the 5 per cent, solution 
of the salt has neither increased nor diminished during the hour 
it was in the alimentary canal. Yet half of the aalt has dis- 
appeared, proving that absorption must have been active, but 
equalled by secretion. Further, the mucous membrane is 
uncongested, and the secretion is therefore not the result of 
inflaraniatory irritation. Lastly, deducting the weight of the 
water-free salt from that of the ash of the intestinal contents, 
we perceive that there is a remarkably large percentage of ash 
in the fasces and purgative secretion, — 36 per cent, of the 
solids, — which corroborates the statement I previously made a» 
the result of the first series of experiments, that the saline 
purgative, apart from its own presence, greatly increases the 
quantity of salts in the fffices, 

Experiment LX. — Black cat, male, lean, weighing 2'33 kilogrammes. 
As the eat was smaller than the hut, I adndniatered a less dose. 
40 c.c. of a 10 per cent, solution of sulphate of eoda, or 4 grammes 
of the salt, were injected into the stomach. Killed ons ho»r after- 

AuTOPSY. — On opening the abdomen immediately after death, there 
was no visible outward congestion of the intestines, and no excitement 
of peritalais, more than is ordinarily observed after deatb. The 
stomach contained 1 c.c. of mucus, and the small intestine 11 c.c. of & 
brownish viscid fluid, consisting largely of tape-worms mixed with a 
few undigested shreds of food ; and the large intestine contained, in- 
cludii^ what was evacuated during the death-struggles, 76 c.c. of a 
mixture of hard lumps of fieces with thin brown fiuid of alkaline re- 
action. The mucous membrane of the duodenum, commencing at the 
pylorus and extending downwards for about 17 or 18 cm., was marked ' 
with a considerable number of little ai'borescent injections of minute 
blood- vessels. The small intestine was 116 cm. long, and the large 
intestine IS cm. 
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The evaporated residue of the contents of the intestines, evacuated 
and nnevaouated, weighed 6-157 grammes, and the quantitv of 
sulphuric acid, recovered from this and the infusions of the canal, 
amounted to 3454 grammes, calculated as NajSO^.lOE^O. Deducts 
ing the solid contents of the colon, the 40 cc, of injeeted salt solution 
had therefore increased to 76 e.c. 

There is much stronger evidence in this than iu the preceding 
experiment that the salt excites secretion. This is dependent 
on the greater concentration of the solution administered. The 
10 per cent, solution has almost doubled itself within the space 
of an hour, while more than one-third of the salt has been 
absorbed. The reddish arborescent spots in the duodenum are 
not to be regarded as due to the action of the salt. They are 
either caused by the tape-worms present, or by a chronic duo- 
denal congestion which is not uncommon in cats. Por, in 
several animals killed without the previous administration of a 
saline purgative, or indeed any drug, I have often observed the 
same appearance, especially when tape-worms were present as 
they so constantly are. Had the congestion in the last experi- 
ment been produced by the salt, it would in all probability have 
been diffuse and not maculate and arborescent, and would have 
extended down the jejunum. 

Et^mriment LXL' — Cat, male, weighing 2'95 kil(^7Bmnies. Ad- 
ministered 35 cc. of a SO per cent, solution of sulphate of soda, or 
5 grammea of the salt. Killed at the end of one hour. 

AuTOPSV. — The stomach contained 0'3 cc. of colourless, viscid, 
frothy mucus, with an alkaline reaction. The small intestine con< 
tained 32 cc, of a viscid fluid, well mixed with a laige quantity of 
yellowish-white flocculi and fragments of tape-worms, and a few 
particles of brownish matter. The fluid, where free from flocculi, was 
transparent and colourless, and apparently contained no bile. The 
absence of bile was confirmed by the fluid exhibiting no play of 
colours with strong nitric acid. The reaction of the fiuid was 
alkaline, and 10 cc. of it required 0T25 cc of the pharaiacopteial 
standard solution of oxalic aciil for its neutralisation. The acid solu- 
tion was diluted as explained in the second series of experiments. 
^^H The diastatic power of the fluid was ascertained. 3 cc of the 

^^^H transparent colourless portion of tbo fluid from the small intestine were 
^^^K mixed with a 2 pet cent, solution of starch, and allowed to digest for 
^^^1 forty-eight hours. JSeither of the original fluids contained sugar. 
^^^M At the end of this time the mixture contained 0'265 gramme of 
^^^1 maltose, as estimated by Favy's modified Fehling. 5 cc of the intes- 
^^^^ tinal fluid would, therefore, have produced 0662 gramme of maltose. 



5 c.c ot blood were drawn from the vena cava immediately after death, 
and were aleo mixed and digested with a, 2 per cent, solution of etarcli. 
In forty-eight hours 0'4I1 gramme of maltose was formed. Before 
estimating the sugar, the atbiunen waa removed bj acidification, boiling, 
and filtration. The intestinal fluid was, therefore, hardly more active 
than blood in the digestion of starch, and conld not have contained 
more than the merest trace oi the pancreatic juice. 

As a large discharge had taken place from the rectum immediately 
previoue to death, tbe colon and rectum were found to be almost 
empty. Tbeii contents, along with the evacuated fluid, measured 
71 cc., and consisted of the usual mixture of brown solids and fluids ; 
the reaction waa neutral. The residue obtained by evaporation 
weighed 5'767 grammes. The quantity of sulphuric acid, reckoned as 
NagtiOj.lOHjO, recovered from the whole contenta of the alimentary 
canal and from the infusions, accurately allowing for what was used 
for digestive purposes, amounted to 2'766 grammes. The 25 c.c. of 
salt solution injected had increased to 6i c.c. 

The mucous membruae of the stomach was very slightly congested, 
but that of the intestines was perfectly pale in its whole extont. 

In tliia experiment the 20 per cent, solution administered 
baa much more than trebled itself. And there cannot now be 
the shadow of a doubt, when we consider the results of these 
three experiments, that a solution of sulphate of soda stronger 
than 5 per cent, excites secretion within the alimentary canal. 
There is also every reason to assume, from the nearly equal 
absorption of the salt in all of the experiments, that even a 5 per 
cent, solution excites secretion almost as copiously as a 20 per 
cent, solution, although in the former case, on account of the 
greater dilution of the salt, absorption from the canal is less 
hindered, and consetiuently the bulk of the saline solution is 
not increased as in tbe latter case. Thus, by the most unobjec- 
tionable of methods, I venture to think I have indisputably 
established that a saline purgative stimulates secretion within 
the alimentary canal ; and it would appear from the last 
e.sperimeut that the secretion is derived from the canal itself 
and not from the pancreas or bile. Tbe rapidity of the purga- 
tive action and of the absorption of the salt is also remarkable. 

The next experiments were mainly intended to elicit the 
course of action of tbe salt, the cats being killed at various 
periods after the administration of the salt. 

Experimtnt LXIJ. — Cat, female, weighing 2'60 kilogranunes. 
Administered 25 c.c. of a 20 per cent, solution of sulphate of soda, ot 
5 granimuB of the salt. Killed X'"''"^" minute* afterwards. 
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Autopsy.— The abdomen was openetl, and ligaturaB placed round 
the pylorus, jejunum, and ccecum immadiately aftei the animal was 
Btiinned, and before any convulsive spasms had occurred. The 
stomach contained 29 c.c. of a colourleaa, slightly opalescent, limpid 
fluid, alkaline in reaction. Its opalescence increased on heating, and 
the application of other proteid teactions proved the presence of a 
distinct trace of albnmon. The duodenum contained 1 c.c. of a viscid 
yellowish fluid, and the jejnnnm 7 c.c. of a colourless, almost trana- 
l)arent liquid. In the ileum n-ere 2 c.c of a viscid, colourless fluid. 
The colon contained no fluid, only the usual iirm f^cal matter. The 
mucous membrane of the stomach was slightly congested ; that of 
the duodenum and of the upper part of the jejunum, extending for 
about 42 cm. from the pylorus, was diffusely and markedly con- 
gested. Out of many experiments, this is the only occasion on which 
1 observed a diifose and acute congestion of the inteatinal mucous 
membrane after the action of the salt, even when an eij^ually strong 
solution was adminiateted, and the auimal killed within an equally 
short period. 

The gastric fluid, including an infusion of the stomach-wall, yielded 
3'546 grammes of NagSO4.10H2O, as calculated from the sulphuric 
acid recovered. As from other experiments, which will be afterwards 
given, I learned that the sulphate is absorbed with extreme slowness 
by the stomach, I concluded that a part of the salt solution had passed 
into the intestine, even were the presence of fluid there no indication 
of an escape from the stomach. And it is probable that this escape 
had taken place immediately before the animal waa killed. For, assum- 
ing on good grounds that the stomach had not absorbed more than 
a quarter of a gramme of the salt, and that the remainder of the salt 
was distributed over 39 c.c. of fluid, or the total quantity found in 
the stomach and intestines, we would expect to find in 29 c.c of 
the fluid, or the quantity in the stomach, 354 grammes of the Rait, 
or exactly the amount recovered. And, as from this calculation the 
intestinal fluid must have contained the same proportion of salt, the 
salt solution could not have been more than a very few minutes within 
the intestine, or it would have lost much of its salt by absorption and 
increased rapidly in bulk, as I have ascertained from previous experi- 
ments. 

Tho important conclusion from this experiment is that the 
salt, when administered in the form of a 20 per cent, solution, 
is capable of withdrawing from the stomach a tolerably large 
amount of secretion. The increase to 39 c.c. of the 25 c.c. ad- 
ministered must be mainly attributed to the secretion supplied 
by tlie stomach. It is otherwise when the salt solution is not 
stronger than 10 per cent., as a future experiment will prove. 

Experiment LXIII. — Cat, male, weighing 4'30 kilogrammes. 
I Injected into the stomach jier os 25 cc. of a 20 per cent, solution of 
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sulphate of aoda. Killed iieenty minutes aftorwards. As in the 
preceding experiment, the abdomen was opened and the canal 
ligatured at various points immediately after etunning the animaL 

Autopsy. — The stomach contained 1 e.c. of a colourless, traneparent, 
slightly acid fluid, and the small intestine, 9-5 c.c. of a colourless, or 
faintly yellowish, opaque fluid, with an alkaline reaction. In the 
large intestine were 79 c.c. of a brownish watery fluid, mixed with 
hard ftecal lumps. The mucous membrane of the etomach was slightly 
eongeated, at least was of a dusky hue, towards the pylorus. In the 
upper part of the small intestine was a number of irregular congested 
spots or patches, which were evidently chi'onic in nature. Nearly a 
dozen of tape-worms were removed from the intestine. The rest of 
the mucous membrane of the intestines was perfectly pale. The small 
intestine was 163 em. long. 

The contents of the colon, after evaporation, weighed 6'661 
grammes, and, along with the other fluids and with the infusions, 
yielded i-526 grammes of Na,^SO^. lOHjO, rei;k.oned from the sul- 
phuric acid recovered. The amount of fluid due to the presence of 
the salt was 74'4 c.c. 

The great rapidity with which the salt solution haa increased 
from 25 o.c. to 74 o.c. is very remarkable, this having been 
accomplished within twenty minutes. On the other hand, com- 
paratively little of the salt h£ia been absorbed. Half a gramme 
of salt absorbed, and 50 c.c. of fluid secreted, show such a 
proportion of salt to secretion which quite precludes the 
supposition of many investigators ^ that the secretion is dae to 
the osmotic power of the salt. The endosmotic equivalent* of 
crystalline sulphate of soda is 11, and half a gramme of the 
salt should have caused a secretion of only 5 or 6 c.c. The same 
form of argument against the salt acting osmotically applies 
with hardly less cogency to Experiment LXIT. and even to 
Experiment LXl. 

Experimeat LXIV. — Cat, female, weigliing 2 '55 kilogrammes. 
Administered 25 c.c. of a 20 per cent, solution of sulphate of soda, 
equivalent to 6 grammes of the salt. KiUed half an hour afterwards, 
and the alimentary canal ligatured at pylorus, middle of jejunum, and 
ctecum, immediately after stunning. 

AoTOPST. — The stomach contained 1 7 c.c. of a clear acid fluid, along 
with a piece of well-nigh completely digested meat,' about twice or 

' P. 2, ' Aubtrt, op. at. 

' As I aftCTwardB Bat«rtained, the eat hnd obtainEd thia by accident early ia 
noming. 
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three timea the size of a, filbert. The duodenum and upper half of the 
jejunum contained 8 c.c. of a colourless (untinged by bile), opalescent, 
limpid fluid, of a slightly acid reaction. In the lower part of the 
jejunum and in the Ueura were 14 c.c. of a colourless fluid, mixed with 
a few brownish particles of ingeata; alkaline in reaction. In the 
colon and rectum, exclusive of solid fieces, there were 10 co. of fluid. 

All the fluids, mixed with the infustona of the canal and of the 
food in the stomach, yielded 3'412 grammes of NagSO^.lOHjO, 
estimated from the sulphuric acid present. The 25 c.c. injected 
had, therefore, increased to 49 cc 

The mucous membrane was everywhere pale, excepting one or two 
irregularly disposed and slightly congested spots in the duodenum 
close by the pylorus. 

The increase of the salt aolutiou is not ao great as in previous 
experimental and has doubtless been modified by the presence of 
a small quantity of food in the stomach. It is worthy of 
remark that, while the duid in the stomach and upper half of 
the intestine is still acid, it has become alkaline in the lower 
half. The acidity of the latter has been neutralised by the 
alkaline intestinal secretion, and not by the bile or pancreatic 
juice. For if it had been effected by the latter, the change in 
reaction would have been observable ao soon as the fluid bad 
passed beyond the point of entrance of these secretions in the 
duodenum ; and, therefore, the fluid in the upper half of the 
intestine ought also to have been alkaline. This ia another 
proof of the opinion already advanced, that the bile end pan- 
creatic juice contribute practically nothing to the secretion 
excited by the salt, 

fieperiMiCTii iA'K— Cat, male, weighing 2"fl5 kilogrammes. In- 
jected into the stomach per os 50 cc of a 10 per cent, solution of 
sulphate of soda, or 5 grammes of the salt. Killed koo hours, tea 
minutes afterwards. 

Autopsy. — The stomach contained 2 c.c of a frothy yellowish fluid, 
alkaline in reaction. In the amall intestine were 20 cc. of thick 
mucus, largely mixed with tape-worms, and also of a yellowish colour. 
The contents of the colon, which was fuUy distended, measured 83 c.c, 
and consisted in part of hard f^cal masses; reaction neutral Evaporated 
to dryness, the residue weighed 8'942 grammes, and, with the residues 
of the other fluids and of the infusions, yielded sulphuric acid equiva- 
lent to 3-724 grammes of Na^SOi-lOH^O. The 50 c.c. originally 
injected had, therefore, after deducting faeces, increased to 89 c.c. 

The mucous membrane of the stomach was covered with viscid 
yellow mucus, but was quite free from congestion. The small and 
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large inteatinos ahowed also no trace of congeation unless in the upmost 
20 cm., wliera a slight degree of chronic congestion was visible. 

Comparing this esperiment with Experiment LX., and allow- 
ing for the difference in the dosa of the salt, we observe that 
the salt solution has undergone no material change in bulk since 
the end of one hour, and, it may be, even a much shorter period, 
after its administration. The maximum of the bulk of the 
saline fluid witliin the canal is, therefore, early attained. 

The quantity of the salt recovered in this experiment calU 
much more for our attention. "We have formerly seen that the 
amount of the salt within the canal gradually decreases from 
the time of its administration until one hour afterwards. lu 
this esperiment we find it at the end of two hours on the 
increase. Instead of the 2^ grammes, recovered in the three 
experiments, where the animal was killed at the end of one 
hour, we have roughly 3 J grammes. Such a curious and 
important phenomenon required confirmation, and accordingly 
the next experiment is simply a repetition of the last. 

Experiment LKVI. — Cat, male, weighing 3'05 kilogrammes. Ad- 
minifitered 50 c.c of a 10 per cent, solution of sulphate of soda, 
equivalent to 5 grammes of the ealtk Killed after two hours. 

Anropar. — The inteatinea, exposed immediately after death, were 
pale, and exhibited extremely little movement. The stomach con- 
tained a drop of yellowish, alkaline mucus ; the small intestine 
32 c.c, chiefly in the ileum, of a perfectly colouriesa, Umpid, alkaline 
fluid, with a amaU deposit of mucus. The colon was distended 
with 70 c.c. of a brown-coloured mixture of fluid and of solid fsecea, 
also alkaline in reaction. The mucous membrane of every part of the 
canal was uncongeated, unless in the duodenum, 30 cm. of which 
ware marked with a few irregularly disposed patches of chronic con- 
gestion. There was a moderate number of tape-worms in the small 
iuteatina The gall-bladder was well distended with bila 

The contents of the intestines yielded, after evaporation to dryness, 
a residue weighing 10173 grammes, which, with the infusiona, waa 
found to contain 4'078 gramraes of Na^SOj-lOHjO, calculated from 
the sulphuric acid recovered. The fluid originally administered had 
increased to 83'7l c.c. As the ash of the residue, deducting the 
aulphatea, weighed 1-983 grammes, there must have been a large 
proportion of salts in the secretion excited by the purgative. The 
small intestine was 170 cm. in length. 

This experiment fully attests the remarkable result of the 
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previous experiment, exhibiting even a larger amount of salt 
within the can^ after the lapse of two hours. 

In order to ascertaio, at still later periods, what variations in 
quantity the salt sufiered, was the object of the succeeding 
experiments. 

Ezperhnent LX VII. —Cat, male, weighirig 2 '7 3 bilogrammes. 
Administered 50 c.c. of a 10 per cent, Bolution of sulphate of Boda, or 
5 grammes of the salt Killed after three hours. 

Autopsy.- — On exposing the intestines immediately after death, they 
appeared abnormally pale. After a few minutes' expoanrc, however, 
the blood-vesBels ramifying on the peritoneal Huriace of the gut 
dilated, and imparted quite a congested aspect to the intestines, I 
mention thie, as it was observed in almost every experiment; and it 
might lead some other investigator, who neglec:ted to perceive the 
early nncongeated stage, to the belief that the after redness was due to 
the action of the salt Vulpian,' without doubt, failed to allow for 
this error in his experiments. 

The stomach was practically empty, containing barely a drop of 
mucus. The contents of the colon and the lower part of the ileum 
measured 86 c.c. The upper part of the intestine was empty. The 
mucous membrane of the upper third of the small intestine woa 
shghtly congested, especially towards the pylorus, and in appearance 
and situation the congestion corresponded exactly to what I have eo 
often seen in cats where no salt had been administered. 

The fluids and infusions of the whole alimentary canal yielded 
2'984 grammes of Na^SO^.IOHjO, reckoned from the sulphuric acid 
recovered. 

From the second to the third hour after its administration the 
salt apparently begins once more to decrease in amount, 

Exp&rivient LXYIII. — Cat, male, weighing 272 kilogrammes. 
Administered 50 c.c of a 10 per cent solution of sodic sulphate, or 
5 grammes of the salt. Killed /our howi afterwards. Ligatures were 
placed round the alimentary canal at various points immediately after 
the animal hod been stunned. 

Autopsy. — The stomach contained 4 drops of bilious fluid ; the 
small intestine, 3 c.c. of a yellowiab-brown fluid, with an alkaline 
reaction. In the large intestine were 71 c.c. of a thin, brownish, 
gruel-like fluid, with the fscal lumps much more disintegrated than in 
the previous experiments ; reaction, neutral or faintly alkalina The 
mucous membrane of the small intestine was very slightly and 
irregularly congested in its upper third. In the rest of its extent 
both in small and large intestines. It was perfectly pale. 

Tlie coiiteuts of the intestines, evaporated to dryness, weighed 
' Talpiiin, op. cii. 




5-242 grammea, and, along with the infusions, yielded 3'072 grammea 
of Na^SOj.lOHnO, as estimated from the sulphuric acid present. The 
50 c.c. of salt solution administered had, therefore, increased to 70 cc. 

This concludes the first portion of the experiments made by 
this simple method. They were performed with the greatest 
care, and every precaution was taken to ensure that, in the 
amount of the recovered sulphate given, all of it that could be 
procured from the alimentary canal and its contents was 
represented. They and the remaining experiments of the series 
were, although they may hardly seem so, the most tedious of all 
the experiments of this investigation, mainly owing to the time 
required for the extraction of the salt fiom the alimentary 
canal by repeated infusion, and for the perfect drying of the 
intestinal contents ; and, as previously mentioned, the vomiting 
of the administered salt by the cat, or its being purged before 
the requisite time had expired, was a frequent source of delay. 
The results o£ the experiments are, however, of great interest. 
The indubitable proof they offer of the salt withdrawing fluid 
from the blood through exciting secretion in the alimentary 
canal I have already referred to. And we may hold it as 
settled that every solution of sulphate of soda stronger than 5 
per cent., administered to a cat which has fasted for twenty hours, 
increases in quantity until it.s bulk roughly corresponds to the 
amount of fluid necessary to form a 5 per cent, solution of the 
dose of the salt originally administered. This maximum is 
rapidly reached, generally within leas than an hour, and begins 
afterwards to gradually sink, from absorption being more active 
than secretion. 

The secreted fluid was on almost every occasion examined I 
for albumen, and never more than a mere trace could be ' 
detected. This is strongly opposed to the secretion being of 
the nature of an exudatiou or a transudation. The oppoaitiou 
is strengthened by the uneongeated condition of the mucous 
membrane. The small patchy congestion of the duodenum 
frequently described is no proof, as I have already discussed, of I 
the irritative action of the salt, as it is often met with in cats to 
which nothing baa been administered, and is evidently either 
caused by tape-worms, or by repeated physiological arterial 
engorgements of this part of the canal, or even by a chronic 
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catarrhal condition. It is obviously chronic. When the con- 

■ geation was acute and diffuse, as in one experiment (LXII.), I 

I admit the salt may have produced it, but only when in the form 

I of a concentrated solution, as it waa in that experiment And 

this effect is even exceptional after the application of a 20 per 

cent, solution, and I have never once ohserved it after a 10 per 

cent, solution. The aecretion, therefore, cannot be regarded as 

an inflammatory exudation, as Vulpian has asserted. 

The rapid passage of the saline fluid through the alimentary 
■canal is also worthy of observation. Where the animal is 
fasting, almost the whole fluid reaches the colon within an hour, 
! and at no period is much of ifc met with in the small intestine. 
I The bulk of it is either in the stomach or the colon. If it has 
left the former, it passes without Eiuch delay through the small 
intestine to the latter. And if purgation does not at once occur, 
it is either owing to the inhibitory power exercised by the 
Animal, or to the hardened ftecea blocking the rectum and 
requiring disintegration. The passage of the salt wiE, doubtless, 
'be much hindered when it is administered with food. The 
rapid action of a saline purgative, when taken in the early 
morning before breakfast, is easily understood from these experi- 
ments. 

Much the most interesting result, however, is the remarkable 
variations in the quantity of the salt in its passage through the 
alimentary canal — the rapid absorption of nearly half the salt 
I during the first hour after its administration, and the excretion 
I of a considerable portion of the absorbed salt during the next 
hour, followed by a steady slow absorption of the salt until 
defsecation occurs. The annexed table brings this clearly out. 
In these changes we appear to have confirmation of Headland's 
statement,' now almost forgotten, and perhaps never credited, 

I that the salt ia absorbed by the stomach and the upper part of 
the intestine, and having reached the blood ia carried by the 
circulation through the vessels of the glands of the lower part 
of the small intestine and colon, and in the act of being 
excreted by the glands excites them to increased secretion. If 
Headland's view be correct, we would expect the salt to purge 
equally, if not more powerfully, when injected directly into the 
' Supra, p. 4. 
L L 
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circulation. But the beet observers state that purgation does 
not follow the intravenous injection of the salt, and in the next 
series of experiments I shall have reason to come to the same 
conclusion. We are, therefore, precluded from believing that it 
is the absorbed salt which, in the process of its after excretion, 
ia the cause of the purgative secretion. Tlie only alternative is, 
that the portion of the salt which causes purgation ia that which 
remains within the alimentary canal, where, by its local stimulus 
of the glands, it is capable of effecting what it fails to do when 
passing with the blood through the glauds. The i 
and excretion of the salt is a mere concurrent ph 
which does not concern the essential action of the purgative. 
Nevertheless, it may be of great importance physiologically, and 
accordingly I have considered it worth while to determine aa 
far as possible where and how it occurs. With this object I 
made the following two experiments, in which I ascertained 
that the rapid absorption of the salt in the early stage of its 
action does not take place in the stomach. 

Experiment LXIX.^CeA, female, weighing 3 '05 kilogrammes. 

Opened the abdomen by a short linear incision to the right of and close 

to the xiphoid cartilage, gently exposed the duodenum and pylorus, 

I ligatured the latter, and ftftervtarda the former below the entrance of 

' the pancreatic and bile ducts, so that in the event of the secretions 

I from the ducts being poured out they would collect between the 

pylorus and the l^atute in the duodenum. The cesophagus in the 

neck was next exposed, carefully avoiding injury to the vagi and 

aympathetica, and two ligatures were placed round it, and an incision 

made into the tube between them. The upper ligature was applied to 

prevent the escape of saliva. The lower served to prevent the 

regurgitation of the saline solution after it had been injected into the 

ietomach by means of a tube passing through the (esophageal incision. 
The stomach was previously ascertained to be empty by gently press- 
ing it after the introduction of the empty tube. The cat, of course, 
had received no food or water for twenty hours before. 50 c.c, of a 
10 per cent solution of sulphate of soda (5 grammes of the salt) were 
Injected. Killed one hour afterwards. 

AcTOPsr. — The stomach contained 55 c.c of a colourless, slightly 
limpid fluid, faintly opalescent and of alkaline reaction. 10 c.c. 
required 0-li c.c. of standard solution of oxalic acid for neutralisation. 
It contained the merest trace of albumen, hut gave a dense white 
precipitate with nitrate of silver and nitric acid, showing that a 
quantity of chlorides was present. The whole of the fluid, along 
with the infusion of the stomach, yielded 4'510 grammes of 
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JfajSO^.lOHjO, reckoned, as usual, from the sulphuric acid 
uuverod. 

The duodenal loop was practically empty, containing only one or, 
most, two dropa of a very viscid bde. The whole of the loniainder of 
the small inteatLuB wub pett'ectly empty, and waa pale throughout , 
The colon contained a amdl quantity of firm fieces. The gall-bladder 
was well filled. The urinary bladder contained 8 c.c. of urine, and 
yicldud eulphuric acid equivalent to 0690 gramme of Na^SO,. lOHjO. 

Ej^pErimeiit LXX. — Cat, female, weighing 2'27 kilogrammee. , 
Operation conducted, and injection made, exactly as in the previous 
experiment, 50 e.c. of a 10 per cent, solution of sulphate of soda 
being injected. Killed after the lapse of thre^ iumrg and a half. 

AuTOPBT. — lu the stomach were 69 c.c. of a perfectly colourless, 
limpid, faintly opalescent fluid, which filtered elowlyj reaction, alkaline, 
10 c.c. requiring O'll cc. of standard eolution of oxalic acid for neu- 
tralisation. The fluid contained a trace of glucose, and the faintest 
trace of albumen, when tested by the various reagents ; no peptone 
reaction. It contained a large quantity of chlorides, There was Httla 
or no coagulation of mucin with excese of acetic acid. Acidified with 
hydrochloric acid, it digested fibrin with great facility. 

The duodenal loop, as well as the remainder of the small intestine, 
was perfectly empty. In the upper third of the intestine was a 
number of irregular patches of congestion. The large intestine contained J 
a small quantity of perfectly firm fjecal matter. Gall-bladder, dis- 
tended with bile. 

Half of the fluid from the stomach, with half the infusion of the | 
■wall, contained of sulphuric acid, estimated as Ha^SOj.lOHjO, 
igrammes. The whole contents of the stomach, tterefore, con- 
li 4084 grammes. 

From these two experiments we learn that the absorption of j 
the sulphate of soda takes place very slowly from the stomach , 
of the cat, and that a 10 per cent, solution of the salt excites 
secretion in that organ with great difficulty. The rate of the 
absorption of the salt and of the increase of the saline fiuid is 
very much less than was observed when the salt was adminis- 
tered per OS. We cannot, therefore, but conclude that the 
stomach plays a subsidiary part in purgation, and contributes 
very little secretion when the solution administered is not 
stronger than 10 per cent., as is usually the case, although J 
E.\periment LXII. renders it probable that a 20 per cent solu- I 
tion abatracfci a fair amount of secretion. 

A point of interest, both in these two experiments and i 
Experiment LXII., is the alkalinity of the gastric secretion. Tha I 
acid-forming glands are apparently not capable of being atimii-'J 
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rlated by the salt, although pepsin (Experiment LXX.) was not 
wanting in the secretion. The presence of pepsin in conjunction 
with a small amount of mucin would appear to indicate that 
the secretion is derived as much from the peptic follicles as 
from the mucous glands. The absence of congestion of the 
mucous membrane, and of albumen or ita digested product, 
peptones, in the secretion, excludes the probability of the fluid 
being poured out as an inflammatory exudation from the super- 
ficial blood-vessels, without the intervention of the glands, 
which otherwise the alkalinity of the fluid might indicate, as 

I such an exudation always possesses the alkaline reaction of the 
blood-serum. The determination of the exact nature of this secre- 
tion is of some importance ; for it may help us to define the char- 
acter of the copious secretion resulting from the action of the 
salt on the intestine. If the gastric secretion had been an 
ordinary acid gastric juice, we would have expected the intes- 
tinal secretion to be a true succns entericus. At least, the acid 
of the former is awanting, and it raises the possibility of the 
latter being likewise deficient in some of the constituents of the 
ordinary succus. 

If, as we have just seen, the salt is not rapidly absorbed by 
the stomach, it appears almost superfluous to add experimental 

I proof of its being much more quickly absorbed by the small 
intestine. For the rapid absorption in the early stage of the 
action of the salt must occur somewhere in the alimentary canal, 
and, if not in the stomach, then in the intestines, and, most pro- 
bably, in the smaller of these. The next experiment will 
prove that such is the case. 
Experiment hXXl. — Cat, male, weighing 275 kilogranunes. A 
short incision whs made into the rightj^hjpochondrium, and the intes- 
tine exposed. Without withdrawing more than an inch or two of the 
gut, the small intestine was ligatured at the pylorus and close to the 
coecum, Aa botli ends of the intestine lay almost immediately beneath 
the seat of the incision, there was no unnecessary disturhance of the 
^^^_ abdominal viscera. As the cat had not received food for nearly twenty-six 
^^^L hours previously, it was certain that the intestine was empty. Through 
^^^H a smaU incision in the upper end of the duodenum, afterwards li^a- 
^^^^ tured oJf, 50 c.c. of a 10 per cent solution of sulphate of soda 
^^^B (5 grammes of the salt) were injected into the small intestine. Killed 
^^^H three hours, thirty-jive miimtes afterwards. 
^^^^ Autopsy. — The small intestine was moderately distended with 
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106 c.c of a slightly brown, otherwise traneparenl, fluid ; it was aome- 
what viscid, and contuined a few shreddy reiuDants of food, and 
whitish flakes. Its reaction was alkaline. There was no yellow tint 
in the colour of the fluid, and no perceptible bile reaction with the 
asaal reagenta. 

The stomach was perfectly empty, and the colon contained a 
quantity of the usual firra fwces, but not a dnrp offlmd. 

The mucous membrane of the intestines ivas pale and uncongested in 
its whole extent, with the exception of a few centimetres near the 
pylorus, which showed evidence of a limited chronic congestion. 

The fluid from the small intestine yielded, along with the infusion, 
2-753 grammes of NajSOj-10H„O, as calcuhited from the sulphuric 
acid recovered. Half of the flutd and infusion was used for this pur- 
pose, the other half of the fluid being reserved for ascertaining its 
liigestive power. 5 c.c. mised with 10 c.c. of a 1 per cent solution 
of starch and placed in the digeating-oven, reduced Fehling after 
35 minutes' digestion. The same quantity of the fluid added to 10 c.c. 
of a 1 per cent, solution of cane-sugar showed the first trace of invert- 
sugar after one hour, forty-five minutes. 

From the comparatively slow digestion of the starch, it Ib 
evident that the fluid contained very little pancreatic juice. Ab 
the salt solution was injected, and the last ligature applied 
above the entrance of the bile an<i pancreatic ducts, the absence 
of bile, as ascertained by the want of colour in the fluid and the 
application of reagents, and the absence of pancreatic juice, as 
discovered from the weak diastatic power of the fluid, confirm 
the conclasion arrived at from previous experiments, that these 
secretions do not to any extent form a part of the purgative 
fluid. 

The main result of this experiment is as was anticipated. The 
absorption of the salt, and the secretion of fluid, are much mora 
rapid in the small intestine than in the stomach; and we may 
assume that it is in the former these processes chiefly take place 
when the salt is administered par os. 

These last three experiments will help us to explain the 
results obtained from the experiments which preceded them. . 
I have already given one suflicent reason^ for discrediting 
Headland's theory of the action of the purgative salt ; and to 
this I have now to add the fact, proved by these experiments,. 
that the absorbed salt never appears accompanied by secretion 
in a portion of the alimentary canal lower than that Into which 



I 



^K But 



THE ACTION OF SALINE CATHARTICS. Ill 

it has been isjected. A small quantity of salt is absorbed by 
the stomach, but none of it and no Huid are found, even after 
more than three hours, in the intestines. A much larger quan- 
tity is absorbed by the small intestine, yet none of it reappeai-s 
in the large intestine, and not a drop of fluid la secreted by that 
viacus. And I think we may aafely take it for granted that, 
had the salt injected been confined to the upper half of the 
small intestine, neither salt nor fluid would have been found in 
the lower half. So that, neither when the salt ia directly 
injected into the blood — the proof of this T have yet to offer — 
nor when absorbed from the alimentary canal, ia it capable of 
exciting secretion in any alimentary gland through whose vessels 
it circulates. Local, or, if we might say so, external, contact 
of the salt aud the gland is essential for the stimulation of the 
latter. Headland adduces in support of his theory Carpenter's ^ 
single experiment, in which the latter saw purgation follow the 
injection of sulphate of magnesia into the stomach of a dog with 
its pylorus ligatured. This is quite opposed to my two experi- 
menta, and, as purgation only followed after a considerable time 
in Carpenter's experiment, it was doubtless due to the niei-e 
irritation of the intestines produced by the operation. Car- 
penter does not appear to have examined the dejection for the 
salt. 

Considering it as fully proved that it is the salt remaining 
within the alimentary canal which stimulates the glands and 
pui^ea, we can understand how a quantity of a saline pui^ative 
short of a full dose is so little apt to produce a laxative effect 
commensurate with the quantity of the salt administered, as is 
the case with most of the vegetable cathartics. A saline purga- 
tive, as a rule, either causes a free watery stool or entirely fails 
to act. If the dose administered be such as not to exceed what 
can be absorbed from the canal during the stage of rapid absorp- 
tion, then too little remains within the canal to excite the 
glands to secretion, aud purgation does not occur. On the 
contrary, constipation is more likely to follow from the diuretic 
action of the absorbed salt depriving the body of its usual 
quantity of fluids. 

But we have yet to explain how the salt begins to reappear 
' CnrpentoT, op, di. 
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in the canal after its absorption. This cumulative excretion 
of the salt does not probably occur in the locus of its absorption ; 
for we cannot understand how the same mucous membrane 
should first quiclily absorb the salt, afterwards as quickly 
excrete it, and, finally, slowly absorb it The increase of the salt 
cannot, therefore, well take place in the small intestine, where 
we believe absorption mainly happens. And this supposition 
receives support from the last experiment, in which the quantity 
of the recovered salt was such as to indicate that absorption 
had not been followed by excretion. We are. accordingly, forced 
to conclude that the salt gains in quantity after the saline fiuid 
has reached the lai^e intestine, and that this is dependent on a 
difference in the structure and function of the large intestine as 
compared with the small intestine. If a solution of a salt be 
injected into the small intestine, the rapidity of the disappear- 
ance of the salt will depend on two factors, absorption and 
secretion. We have reason to believe, from the B. Series of 
Experiments, that, however dilute the saline solution may be, 
and whatever change it may undergo in bulk, both processes of 
absorption and secretion are very active ; and it is reasonable to 
suppose that their activity will finally lead to an equal propor- 
tion or percentage of the salt in the blood and in the fluid 
within the intestine. This will certainly happen, if the fluid 
absorbed contain the same proportion of the salt as the in- 
testinal fluid from whicli it is drawn, and if the fluid secreted 
contains the same proportion of the salt as the blood. The 
proportion of salt in the absoibed fluid will gradually grow less, 
whilst its proportion in the secreted fluid will gradually increase, 
until both are equal, when the blood and intestinal fluid will 
contain a like percentage of the salt, and the absolute quantity 
of the salt in each will be respectively as their bulks. If this be 
so, then, after the administration of a solution of 5 grammes of 
sulphate of soda to a cat weighing about 3 kilogrammes, a dose 
which we know from experiment to increase the fiuid within 
the alimentary canal to about 100 c.c, we would expect to find 
in the blood two-thirds, and in the intestinal fluid oue-third, of 
the salt given, reckoning that one-fifteenth part of the weight of 
the cat, or 200 grammes, is blood. But in none of the experi- 
ments lecorded is the minimum of salt within the canal so low 
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ras one-third, not even in Experiment LXXJ., where the salt 
was permitted to remain for some hours in the intestine, 
and wbere ample time was allowed for the blood being 
recouped by the tissue-fluids for what aerum it may have 
yielded to the intestine. Therefore, either the secretion excited 
by the salt contains a larger proportion of the salt than the 
blood, or the absorbed fluid contains a less proportion than the 
iluid within the intestine. The former alternative is improbable ; 

I for no secretion, physiological or pathological, in the body 
contains a higher percentage of salts than the blood from which 
it is derived. The urine is a notable exception; but according to 
Liidwig's well-known theory, the excess of the salts is explained 
by the absorption in the tubnli uriniferi of a portion of the 
water of the glomerular secretion. The latter alternative is not 
without prohabUity. The villi of the intestine may exercise a 
certain power of selection in absorption, and absorb fram a saline 

I solution more of the water and less of the salt tlian the propor- 
tion in which they exist in the solution. This supposition is 
rendered possible by what we tnow of the absorption of saline 
solutions by the roots of plants,^ and it is supported by experi- 
ments on the imbibition of saline solutions by animal tissues. 
Liidwig^ observed that a piece of dried urinary bladder, 
placed in a 7'2 per cent, solution of sulphate of soda, became 
saturated with a fluid containing only 4-4 per cent, of the salt. 
Indeed, absorption seems, for the most part, to be governed by 
the laws which regulate imbibition and diffusion, secretion by 
the laws of filtration, 
If the small intestine exhibit in its absorption of a solution 
of sulphate of soda a preference for the water, we have only to 
believe, in order to understand the rapid accumulation of the salt 
within the alimentary canal during the second hour of the 
action of the salt, that the preference for the water and the 
rejection of the salt are manifested to a still greater degree in the 
absorptive function of the large intestine. So that, when the 
saline fluid passes into the colon, a secretion with the same 
percentage of the salt as the blood will be poured out, just as 
it was in the small intestine; but in the absorbed fluid tlie 

Saosaure, Btchereh. chemig. stir la vigltat. 

Ludwig, i^Ar&ucA ier Fhysiologie, Bd. i. a. S4 el acq. 
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percentage of the salt will be much less than in the intestinal 
fluid, and atill less than that in the fluid absorbed by the small 
intestine. The salt will thus quickly accumulate within the 
colon. ' 




isentation of tlie Coiir 



uitity of Suit fluil 
10, or 20 per cent, 
ft Cut The salt is calonliitedj 



In this way it is possible to offer an explanation of a 
pheDomenon, or a series of phenomena, otherwise very difficult 
to comprehend. In accordance with this view I have prepared 
a diagram which shows the variations of the salt in it 
through the alimentary canal, and which attempts to 
what portion of the canal each of the variations occur. 

SERreS OF EXPEEIMEHTS, E. 

On the effect of the salt when injected into the blood 

Considering the large and weighty array of investigators who 
have affirmed that the intravenous injection of a saline purgative 
is not followed by its usual cathartic action, it seems almost 
unnecessary that I should have made further experiments to 
determine the accuracy of this statement. Amongst others^ 
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however, such skUled observers as Claude Bernard, Aubert, and 
Headland' have stated that the salt produces pnrgation as 
efficiently when injected into the blood as when administered in 
the usual manner. Having regard to the groat importance of 
this fact in its bearing on the interpretation of the phenomena 
observed in the preceding series of experiments, I felt justified in 
ascertaining its truth for myself. 

Buchheim and Wagner, Uonders, and Vulpian maintain, from 
a considerable number of experiments, that the sulphate of soda 
never purges when injected intravenously, but tends, on the 
contrary, to produce constipation, Bernard, Headland, and 
Aubert seem to have employed the same salt, and obtained, as I 
have just mentioned, an opposite result. Their experiments 
were few in number. Aubert made the experiment but once, 
and Bernard and Headland do not give an account of their 
experiments, and leave it, indeed, doubtful whether they them- 
selves actually made such experiments. Jolyet and Cahours 
have injected into the circulation of two different dogs sulphate 
of soda and sulphate of magnesia, and, although the latter was 
followed by two diarrhreac evacuations in the course of the 
succeeding night, these observers, believing that purgation was 
exceptional, and might ensue from some other cause than the 
injection of the salt, are strongly inclined to maintain that the 
salt does not purge when so injected. Aguilhon has recently 
stated that catharsis always follows the intravenous injection 
of the chloride of magnesium. This, however, is denied by 
Eabuteau, who has injected the sulphate as well as the cliloride 
of magnesium without perceiving any effect on the intestines. 
Paul Bert,* in criticising a communication by Laborde to the 
Soci^t^ de Biologic on the stimulant action ot the chloride on 
the intestines when injected into the tlood, said that he himself 
Iiad made a few experiments with the sulphate without ever 
having perceived purgation occur ; and Bordier,^ in a review of 
the papers of Luton and Vulpian, cites Moreau as having 
obtained the same negative result 

While there is thus little doubt, from the large number of 

' Referencea for these and tlia othera nre given in the hiatoricul introduction. 

' Bert, Gax. h^Mom., 1879, p. Sfla. 

' Bordier, Joum. di Fhiwinaci; t. xs. p, 132. 



authenticated experiments, that the sulphate of soda is inactive 
as a purgative when introduced into the circulation, and while 
the preponderance of evidence is in favour of a salt of magnesia 
heing ecLually devoid of purgation when similarly injected, it is 
still desirable to learn with yet greater precision what are the 
actual effects of these salts when so injected, particularly of the 
latter, as being the more doubtful. 

Experiment LXXIl. — Eabbit, mala, weighing r58 kilogrammes. 
No anteathetic waa adrainietered. In order to render the condition of 
the alimentary canal ob favourable as possible for the prodaction of 
purgation, the eJtpetiment was commenced by the injection jjo' us at 
90 c.c. of water into the stomach. Quarter of au horn' afterwai'de I 
began the injection iflto the right external jugular vein of a 10 per 
cent, solution of sulphate of eoda. The solution was plaeed in a 
Mohr's burette connected with the vein, and by means of a stop-cock 
the flow was so regulated as to be slow, uniform, and continuous. In 
fifty-five minutes the injection waa completed, 50 c.c, of the solution 
or 5 grammeB of the salt having been introduced. Immediately after- 
wards the rabbit was released from the holder, and, although it 
appeared a little weak and ate no food during the remainder of the 
day, did not otherwise suffer from the experiment. One hour after the 
completion of the operation water to the extent of 60 c.c. was again 
injected into the stomach. 

On the following day the rabbit had quite recovered from the effects 
of the operation. As yet there was no evacuation of ffeces, nor did 
such occur until four days after the injection of the salt, when only a 
few pellets of hard fasces were passed. 

A dose, therefore, of sulphate of aoda, which in previous 
experiments waa foimd amply sufBcient to cause pui^tjon 
when administered ^cr os to a rabbit of average size, has failed to 
produce this effect when injected into the circulation, and that 
even with the alimentary canal in a condition most favourable 
for catharsis. On the contrary, a considerable degree of consti- 
pation seems to have followed. The salt waa slowly injected 
with the object of imitating, as far as possible, the rate of absorp- 
tion of the salt when administered in the ordinary manner. For 
had the whole of the salt been at once introduced into the circu.- 
lation, the greater part of it might have been eliminated by the 
kidneys before it had sufficient time to produce its characteristic 
action on the intestine. 

Exi>erimeni LXXIII. — Cat, female, weighing 1'81 kilogrammes. 
Heceived no solid food for one day previous to the experiment. An- 
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sesthetised with a mixture of chlorofona and ether. At first a 5 per 
cent, and later a 10 per' cent, solution of Biilphate of soda was injected 
T>y means of an ordinary syringe and cannula into the saphenous vein 
of the right hind leg. The ijijection was commenced at 6.7J p.m., the 
cnnnxda having been inaerted at 4.45 p.m. 



Time. 


Quantity of Salt 
Solution injected. 


Pnlae per Minnta. 


Minute. 


5.5 P.M. 




112 


28 


5.7i to B.10 


S'c'c. 






6.14 




112 


26 


6.15 to 5.20 


7c.c. 






5.24 




112 


28 


5.25 to 5.30 


l6'c.c. 






5.35 






20 


The strength of 


the solution was 


now increased to 


10 per cent 


5.36 to 5.40 


4u.c 






5.45 




124 


22 


5.46 to 6.50 


6c,c, 






5.54 




128 


24 


5.55 


b'c!c. 






5.59 




136 


20 


S.3 


5c.c. 






6.10 




148 


24 


6.13 


b'c!c. 






6.17 




136 


30 


6.S0 


s'cic, 






6,34 




132 




6.2S 


5c.c. 






6.30 




132 


20 


6.32 


6c!c. 






6.40 




128 


20 



Five grammes of the sulphate Laving heen injected, the cannula 
was removed from the vein, and the cat was allowed to recover from 
the aniesthetic which had been administered as lightly as poasihle. 

At 7,20 P.M. it looked dull, but waa perfectly conacioua ; pulse, 
126 ; respirations, 22. It was now released from the holder, when it 
walked slowly in a somewhat cramped fashion. 

At 7.46 P.M. it was reattached to the holder and ontesthetised, and 
the abdomen opened for the purpose of observing the viscera. There 
were no movements of any portion of the intestines, and no visible 
congestion. Quarter of an hour afterwards it waa killed with excess 
of the aniesthetic. 

Autopsy.— The stomach contained 2 c.c of a clear alkaline fluid 
smelling of chloroform, and yielding a distinct but not veiy abundant 
precipitate with barium chloride and hydrochloric acid, proving the 
presence of a trace of sulphates. The small intestine, 147 cm. in 
length contained three drops of a brown thickisb fluid ; the mucous 
membrane in its whole extent waa perfectly pale. The colon was 




id with the uaaal firm ftecal matter, which was ascertained to contaia 
66 '1 pel cent, of water, or the norma] proportion ; its muuoufi membrane 
was also pole. The gall-bladder was tolerably distended with bile. 
The urine measured 56 cc, and coutain«d sugar, of which the whole 
urine waa estimated by Pavy's method to contain 0-958 grammes, 
llie urine was acid, each 10 c.c having an acidity corresponding to 
0'30 c.c of the pharmacopoiial standard solution of oxalic acid. From 
an analysis of half of the original quantity of the urine, the whole was 
estimated to contain 2-846 grammes of crystalline sulphate of eoda. 
How much urine there was in the bladder preyioua to beginning the 
experiment I had no means of knowing, but I have reason to behave 
there was not much, so tiiut the sulphate recovered was not greatly in- 
creased by the normal excretion of sulphuric acid. 

The result of this experiment is highly interesting. For it 
shows that if the condition of the alimentary canal be observed 
a few hours after the intravenous injection of a purgative dose of 
sulphate of soda, it does not present the slightest evidence of 
purgative action. The canal was virtually empty, and contained 
a trace only of sulphates ; the mucous membrane of the entire 
tract did not exhibit the smallest degree of congestion, and there | 
was no visible excitement of the peristalsis. 

Not much importance can be attached to small variations in 
the rate of the pulse and the respirations of an ancesthetised 
animal, but, as during the experiment the anesthetic was as 
equally administered as possible, the increased pulse- rate 
observed and the diminished frequency of the respirations may 
be regarded as the effect of the injected salt. The rate of the 
pulse, it will be noticed, did not continue to increase, but began 
to fall towards the end of the experiment. 

Another experiment, made in the same manner as the preced- 
ing, and whose abbreviated protocol I add, shows that, if the cat 
be allowed to live for some days after the injection of the salt, 
the tendency is, as with the rabbit, towards constipation rather 
than purgation. 

Experiment LXXIV. — Cat, male, weighing 2 '03 kilogrammes. Fed 
eighteen hours previously. In the forenoon, and in the course of one 
hour, 60 cc. of a 10 per cent, solution of sulphate of soda, or 6 
grammes of the salt, were injected into the saphenous vein of the left 
hind leg, 5 c.c. being injected every five minutes. 

Neither during the day of the operation nor on the following day 
were there any fEecea evacuated. On the third evening there was a 
small quantity of hard fseces. 
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Tho urine coUeeted during the first twenty-four hours gave a distinct 
sugar reactioo, but contained uo albumen. 

In conjunction with the results of previous observers we are 
perfectly warranted in concluding from these three experiments 
that the sulphate of soda ia quite incapable of inducing its usual 
purgative effect when injected into the circulation. On the 
contrary, a degree of constipation appears usually to follow. 

A somewhat remarkable phenomenon observed in the course 
of these and similar experiments is the appearance of sugar 
(glucose presumably) in the urine. On referring to Hermann's 
Fhysiology, 1 find that Bock and Hofimann are credited with 
the statement that very dilute saline solutions cause, when 
injected into the blood, a temporary diabetes meUitus. I have 
more than once observed the same result follow the injection of 
the salt into a ligatured loop of intestine. It is not improbable 
that the salt in the blood may hinder the assimilation of the 
carbo-hydrate by the tissues, while its production in the liver 
proceeding as usual may lead to its accumulation in the blood 
and its discharge in the renal secretion. 

Sulphate of magnesia was employed in the next experiments, 
the main interest of which lies in their proof of the high toxic 
power possessed by this salt as compared vrith the corresponding 
salt of soda. This toxicity is but very vaguely understood and 
not generally known, scarcely one of the best text-books on 
pharmacology alluding to it with emphasis. 

Experiment LXXV. — Dog, weighing 7-25 kilogrammes, Anies- 
thetiaed, During the injection of a 20 per cent, eolutioa of sulphate 
of magnesia into the external saphenous vein of the left hind leg, and 
when not more than 3 c.c. had been injected, the animal died, and 
animation could not be restored by means of artificial respiration. 
Death may have resulted from an over-dose of the anBstbetic, but thia 
is improbable. It was more likely due to the sudden injection of the 
concentrated solution of the salt, for death iniJnediately followed the 
injection. The quantity of the salt — 06 gramme — wan extremely 
sinall, and wu3 not more than the twentieth part of a purgative doee. 

Not being aware, as yet, of the high toxic power of this salt, I 
attributed the death of the dog to the aniesthetic, and proceeded 
to repeat the expe.riment on a cat. 

Experiment LXXVI. — Cat, female, weighing 2'28 IdlogrammeB, 
^ Hwmann'fl Elements of Phyiialngg, tcanslated by Gamgea, 1875, p, 189. 




lightly ansesthetised. Kot moie than 1'6 c.c. of a 20 per cent. 
Bolutioi) of sulphate of magBesia had been leisurely injected int« the i 
saphenous vein, when the cat died as suddenly as the dog had done. 

As I DOW suspected that the sadden and fatal termination of 
these two experiments was due to the salt, I took another cat, and 
injected a 10 per cent, solution very slowly and cautiously, so 
as to obviate as far as possible the directly and locally paralytic 
effect of the salt on the heart from poaaible irritation of the 
endocardium, I need hardly state that I ascertained that the 
salt used was chemically pure. 

Experiment LXXVI. — Cat, female, weighing 2'2C kUograinmea. 
A 10 per cent, solution of sulphate of magnesia was injected into the 
left external saphenoua vein, and injected ho slowly tliat twenty 
minutes were occupied in introducing 6 c.c "When this point had 
been reached respiration altogether ceased, while the heart continued 
to beat, although with greatly diminished rapidity. Sylveater'a 
method of artificial respiration was maintained for a few minutes, 
until natural respiration recommenced. On account of the animal 
having appeared perfectly unconscious since a few minutes after the 
commencement of the injection of the salt, no anaesthetic had from 
that time been apphed. During tlie forty minutes succeeding the 
recovery of the animal from suspended respiration 7 c.c. of the saline 
solution were gradually injected. This was followed once more by 
cessation of respiration, the hoait beating irregularly at the rate of 
31 per minute. Previous to the experiment it was 146. Artificial 
respiration was at once resorted to, and maintained for tea minutes, 
but ineffectually. The heart meanwhile was beating very slowly, and 
gradually becoming weaker until it finally stopped, without a single 
efi'ort having been made by the animal to respire. 

Autopsy.- — The abdomen was immediately opened, and the in- 1 
teatines observed to be quite at rest, and perfectly empty, with the I 
exception of the colon, which contained the usual semi-solid ftece* I 
The mucous membrane of the canal was pale, unless for 20 cm. below I 
the pylorus, where there existed small irregular and moderately con- f 
gested patches, evidently of a chronic character. There were no tape- I 
worms. The urine did not contain much magnesia. 

This experiment rendered it perfectly clear that sulphate o£ I 
magnesia possessed considerable toxic power ; and from the care I 
employed in its injection it was highly probable that the I 
amount of the salt used — 1-3 grammes — was the lethal d 
a cat weighing 2'26 kilogrammes. This quantity is much larger 1 
than that needed in the two previous experiments, but in these J 
it is almost certain that thti greater concentration of the saliaej 
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solution and its more mpid injection directly affected tiie heart 
and respiration. 

Having now iiacertained the lethal dose of sulphate of magnesia, 
which, it will be observed, is far short of the dose required per os 
for purgation, I proceeded to inject into the circulation of another 
cat as much of the salt as I possibly could short of causing death, 
with the object of learning if purgation might follow. 



Erperi-nient LXXVII. — Cat, female, weighing 1'81 kilogrammes, 
AnssthetisBd. A 5 per cent, solution of Bulpliate of magnesia was in- 
jected into the externa! saphenouB vein of the left hind leg. 
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Quuititf of Bait 


Pulse 
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per Minute. 


per Minute, 


410 P.M. 
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deep. 


5.13* 
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5,14.^Eeapiration ceaaed, followed infifteen second a by the stop- 
page of the heart, Sjlvestrian artificial respiration was at once 
practised, and one minute afterwards the heart commenced to beat, 
but very slowly. Four minutes later, natural respiration returned, and 
artificial respiration was atopped, 

5.24, — Again stoppage of the respiration, followed hy that of the 
heart. Attificial respiration was once more resorted to. 

' The application of the ansestlietic was iliscoutinosd, i£ the animal remaiDBd 
unconscious without it. 

* From this time the conjunctivae were quite insensible to stimuli, nor could 
pinching of any part of tho bod; provoke a ritiletL movement. The animal 
appeared to be in a state of i>rofound narcosis. 

' At 5,4 there was a gentle movement of the whole body, and slight reflex 
sensibility of the conjuuctivfe. 
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5.26. — The lieart'a action restored, Biiii four minuteB afterwards tlia 
pulse was 40, 

5.37.— Artificial respiration stopped; and, although the heart con- 
tinued to beat, it was not until three or four minutes afterwards that 
natural respiration attempted to reassert itself by an occasional upheaval 
of the apper part of the chest, the diaphragm remaining apparently \ 
quite inactive. Bespttatiou wa^ graduallj estabhshed. Keflex sensi: J 
hility of every part of the body still completely abolished. I 

S.43. — Pulse 42, and respirationa 8. ' 

5.48. — Pulse 48, and respiratioDS 10. 

The wound 'was now closed, and the cat waa removed from the 
holder. It was etill perfectly insensible to stimulation. The pupils 
contracted very slowly on exposure to light, and, when contracted, their 
dilatation in the dark occupied several minutes, an operation accom- 
plished almost momentarily in the normal cat. 

5.55. — Pulse 48, and respiratione 12. Three minutes later the cat 
made a few feeble and very limited spontaneous movements, 

6.5 — Constant small twitching loovements of all the limbs com- I 
menced. Conjunctive still insensible, Fulse now 64, and respirar. I 
tions 18. I 

6.25. — The twitchings had ceased, and there were instead occasional 
movements of the head, 

6.45.^Pulse 80, and respirations 22 ; conjunctivse not yet Benaiblo. 

7.5.^Pu1bo 103, and respirations 32. Conjunctivte had i 
become slightly sensible, and the animal made fair co-ordinate eflbrta j 
to move. 

8.0 — Pulse 104, and respirationa 24 j able to eit up, but very weak. 
Conjunclivse quite sensible. 

9.0. — Pulse 104, respirationa 24; still very helpless, although a 
little stronger. 

Next day it looked as well and as lively as it did before the experi- 
ment, and enjoyed it« food. Pulse 192, respirations 48 to 56. It | 
appeared to be very thirsty during the day. No ficces passed as 
yet 

On the third day there was a smaU evacuation of hard ftBces in the 
afternoon. 

Altogether, 23 c,c, of the salt solution, or Ido grammes of the salt, 
were injected. 

This experiment fully wan'ants the deduction that sulphate 
of magnesia, no more thau sulphate of soda, is capable of purging 
when injected intravenously. There is, however, this important 
difference, that whereas a full purgative dose of the latter salt J 
can be introduced with impunity into the circulation, not mora I 
than one-iifth part of an ordinary dose of the former can be 1 
injected without endangering the life of the animal. And it is 
possible that, could more of the sulphate of magnesia be intro- 
duced into tlie blood, it might alTect the intestiuea, and produce 
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I catharsis. But this is in tlie highest degi'ee iinprobahle, as in 
I Experiment LXXVI., where the animal died some time after 
the injection of the salt, not the least sign of cathartic action 
was visible in the intestines. 

If it be admitted, then, that a saline cathartic does not pro- 
duce its characteristic action when injected iato the blood, we 
have proved a fiict which is not at variance with the results of 
the previous series of experiments, or with the theories 1 have 
attempted to haae upon them. We are, therefore, now entitled 
to dismiss Headland's theory, that it is the salt which is absorbed 
by the blood that causes purgation in the course of its excretion 
by the intestinal glands. We cannot, however, so easily rid 
ourselves of the results of the experiments upon which, in part, 
his theory was grounded. It will be remembered, that in these 
experiments Headland administered 180 grains {about llj 
grammes) of sulphate of magnesia to each of three dogs, and 
that from the alimentary canal of one of tlie animals he re- 
covered less than one-third of the salt ; so that about 1^ 
grammes had evidently been absorbed by the blood. The 
I question naturally arises, if this be so, why were none of the 
I toxic symptoms of the magnesia salt witnessed in the animals 
I to which it had been administered ; and why, indeed, were none 
I of these symptoms observable in the various animals to which 
in the course of this investigation I gave large doses of the salt ? 
The absence of such symptoms might he held as proof that no 
such absorption had occurred ; or it might he suggested that 
dogs, the only animals used by Headland, are not amenable to 
the poisonous action of magnesia. But, that such an ahsorptior 
did occur, is placed almost beyond doubt by my more numerous 
experiments on cats with the sulphate of soda (Series D.), in 
which it was observed that more than 2^ grammes, or the half 
of the salt administered, had disappeared within the first hour 
from the alimentary canal. Nor, apart from the improbability 
of the suggestion, are dogs less susceptible than cats of the toxic 
I action of magnesia; for, excluding my single experiment in 
I which a dog died after the injection of 0'6 gramme of the sul- 
Lphate, Jolyet and Cahours^ seriously imperilled the life of a 
'Af)g by injecting into its circulation 6 grammes of the same salt. 
I op. cil. 
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Yet VJ grammes must have been absorbed iu Headland's experi- 
ment without the shghtest symptom of poisoning. In reconcil- 
ing the results of the experiments of this series and of tli03e of 
the preceding series, we have to face a difficulty of consider- 
able magnitude. Sulphate of magnesia produces well-marked 
symptoms when directly injected, even in very small tj^uantity, 
into the blood. Yet the same salt, when absorbed from the 
alimentary canal, and in comparatively large quantity, causes 
no general symptoms whatever. Either the salt which dis- 
appears from the canal does not enter the blood, or it enters the 
blood in such a form or chemical combination that it is no 
longer capable of affecting the activity of the tissues and organs 
with which it comes in contact Analyses of the blood are, aa 
yet, wanting to test the probability of the latter supposition ; 
these I hope ere long to supply. Should the former alternative 
prove true, a still greater difficulty presents itself, when we 
come to consider by what channel, or into what organ, the salt 
has disappeared. In so far as our present knowledge of anatomy 
and physiology can help us, we can only think of its being 
absorbed by the liver from the blood of the portal vein, and 
restored to the intestines through the medium of the biliary 
secretion ; for, both according to Headland's experiments and to 
mine, the salt after its first rapid absorption returns to the ali- 
mentary canal. But my observations have led me to conclude 
that the bile takes little or no part in the formation of the fluid 
of saline catharsis ; in D. Seiies of Experiments a mere tinging 
of the intestinal contents with bile was of rare occurrence. On 
the other hand, the recent researches of Heger and Jacque^ 
have proved that the liver is capable of absorbing a large pro-. 
portion of certain alkaloids, wheu injected into the mesenteric 
vein, as much as 25 to 50 per cent, of nicotin having been 
absorbed in this manner. Their elimination in the bile they 
have not quite so satisfactorily demonstrated. On the whole, I 
prefer to express the opinion, that whatever be the circuit 
traversed by the salt after leaving the alimentary canal, it ia 
not through the liver and gall-bladder. The solution of thi^ 
difficulty requires further research. 
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Apart from tlie bearing of these experiments with sulphate of 
magnesia on the nature of the purgative action of the salt, they 
are of interest as tracing with some precision the effect of the 
salt on the circulation and respiration when injected into the 
blood. The pulse is at first shghtly accelerated, but soon hegina 
to dimiaish in rapidity until, following the stoppage of the 
respiration, it ceases to be felt. The respirations are from the 
first lessened in frequency, and it ia to the paralysis of their 
motor centre that death is to be attributed. The action of the 
salt on the respiratory centre is not, however, permanent ; for, if 
artificial respiration be maintained for a few minutes, until the 
excess of the salt has been eliminated from the blood, or other- 
wise rendered less active, natural respiration will reassert itself, 
although with greatly enfeebled activity. The fact of the heart 
continuing to beat throughout the maintenance of the artificial 
respiration, and while natural respiration remains as yet 
paralysed, points to the salt acting more powerfully on the 
respiration than on the heart. A remarkable feature is the 
abolition of reflex sensibility, which is complete within twenty 
minutes after the commencement of the injection, and when not 
more than 04 gramma of the salt has been administered, and 
which continues Eoi one hour and a half after the paralysed 
respiration has been re-established, and for more than one hour 
and three quarters after the injection of the salt has been com- 
pleted. This affection of the reflex sensibility seems to depend 
npon paralysis of the sensory nerves, or of the reflex centres, 
not upon paralysis of the motor nerves or the muscles. For 
■voluntary movements of the body are visible long before reflex 
sensibility has been restored. Altogether the action of magnesia 
is remarkable^ and precludes its being classed with any recog- 
nised metallic pharmacological group. 

"Without taking into consideration the more puzzling points 
which I have already endeavoured to elucidate, it may appear 
somewhat surprising that so large a dose of sulphate of magnesia 
can be administered by the mouth with absolute safety, whilst a 

. fraction of this dose is sufficient to produce the serious symptoms 
I have described, and even death, when injected directly into the 
blood. This pharmacological paradox is not singular ; for, not to 

I speak of the well-known instance of curara, the salts of potash 
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show a similar behaviour. The potash salts are, wlieii injected into 
the blood, nearly four or five times as poisonous as the magnesia 
salts ;i yet an ounce of the sulphate of potash may lie swallowed 
by a man, or 8 to 10 grammes administered to a t:at, without 
causing more than free purgation. The explanation Iiitherto given 
has heeu that, owing to the elimination of the substante by the 
kidney being aa rapid as its absorption from the alimentary viscera, 
it does not accumulate in the blood in quantity suEficient to pro- 
duce its general toxic .symptoms. Accepting as accurate the results 
of Headland's and my experiments, this explanation is obviously 
not applicable to the salts of magnesia ; and as little may it bo 
the true explanation of the behaviour of the potash salts. 

Amidst much that is uncertain, there 13 but one sure conclu- 
sion that can be inferred from these experiments iu conjunction 
with those of the various preceding series — that it is not the 
absorbed salt which causes purgation by stimulation of the 
intestinal glands in the process of its excretion, but it is the salt 
remaining within the intestines which excites the glands ; and 
the reappeitrance of the salt in the intestines is not the cause of 
the secretion, but merely the accompaniment of it. 

In the following experiment an artificial imitation was 
attempted of the supposed relative distribution of the sulphate 
of soda in the blood and alimentary canal one hour after the 
administration of a purgative dose jier os, with the object of ascer- 
taining if, under these circumstances, purgation would follow. 

Experiment LXXVIII. — Black cat, female, weighing 3-02 kilo- J 
grammes. 25 c.c. of a 10 per cent, solution of sulpbiitQ of Boda, or 
'l\ grammes of the suit, were hist adminiatered in the ordinary manner, 
to observe if this quEUitity of itself whs sufficient to purge, !N^o purga- 
tion followed. Three days afterwards, 3 grammeB of the salt {20 per 
cent, solution) were injected into the external saphenous vein of the 
left hind leg. The injection extended over ten minutes, and the 
imimal was amesthetised. Immediately afterwards, it was released 
from the holder, and 2^ grammes of the salt (10 per cent, solution) 
were injected -per os into the stomach. Purgation never occurred, , 
although the animal was observed for two days afterwards. 

The artificial distiibution of the salt in the blood and the I 
alimentary canal was not, therefore, followed by purgation, as 1 1 

i MicltwilK found that tlie iiit 
potaah killed a eat. — JfolhHiigtl u. 
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had partly anticipated. On a point like this a single experiment 
is not conclusive. Eat, soppo.sing that the result is exactly as 
it should be, then I either failed to imitate exactly the condition 
of the salt, when all of it had been administered by the mouth, 
or some factors came into operation in this experiment which 
might have interfered with the effect of the salt. As regards the 
latter, the cat took almost no food and very little water for 
two days previous to the experiment, and this may have led to 
concentration of the blood, a condition which I have proved to 
interfere materially with the purgative action of the salt. As 
concerns the former, I failed to imitate perfectly the condition 
of the salt in one important respect, inasmuch aa the portion of 
the salt administered by the mouth was at the upper end of the 
alimentary canal, and not at its lower end, as is the case one 
hour after the administration of the whole dose ot the salt hy the 
mouth, and it had to traverse the length of the highly absorptive 
Email intestine, where possibly so much of it was absorbed by 
the blood that too little remained in the intestines to stimulate 
sufficiently the enteric glands. The incorrectness of the imitation 
may have been still more gross. For there is the possibility, pre- 
viously alluded to, that the salt which disappears from the canal 
may not he found in the systemic circulation. In such a case a 
negative result was q^uite to be expected. 
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Sekies of Experiments, F. 

On the purgative effect of the salt when injected Bubcutaneousij, 

After the tolerably exhaustive inquiry which I have made 
into the action of the ealt when directly introduced into the circu- 
lation, it may appear superfluous to investigate the effect of the 
salt when injected subcutaueously. For, whether a soluble salt be 
injected into a vein or beneath the skin, the belief is that it pro- 
duces itfl peculiar action, if not equally quickly, at least aa equally 
powerfully, the salt passing rapidly, in the latter case, from the 
subcutaneous tissue into the circulation. It was, therefore, to be 
expected that the action of the ealt would be the same in both 
cases. And so it was believed, until Luton, an eminent physician 
of Keims, accidentally observed that one decigramme (IJ grains) 
of sulphate of magnesia conid produce purgation when injected 
subcutaneously. I have not had an opportunity of consulting the 
Bulletin de la Sou. iUd. de Reims, in which his communication 
appeared, but have seen, what I take to be, a fairly complete 
r^flwro^ of it in the Gazette heidomadaire (1874, p. 455). Four 
experiments were altogether made, and all of them on man, and 
in each instance free purgation followed. Unfortunately, the 
situation of the injection is not mentioned, but I presume it was 
made beneath the skin of the abdomen, the situation chosen by 
Vulpian and Carville,' when, a few months later, they repeated 
with the same result these experiments on dogs. The original 
communication of Luton is, as the editor of the Gazette hehdo- 
vmdaire remarks, silent as to the production of pain at the seat 
of injection. In Vulpian and Carville'e experiments a consider- 
able degree of pain and inflammatory swelling followed ; and it 
is not improbable that this was also observed by Luton, although 
not recorded. In attempting to explain the powerful action of 
so remarkably small a dose of sulphate of magnesia, Vulpian 
believes that the salt is absorbed and effects catharsis by its 
action on some portion of the intestinal or alimentary mechanism. 
But it is certainly surprising that, when the same salt is injected 
into the blood, purgation does not follow. And Vulpian, as he 
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himself admits, injected directly into the circulation both large 
and minute doses of sulphate of soda without producing any effect. 
In spite of these considerations Vulpian, in common with Luton 
and Oarville, adheres to the view he originally advanced. 

The activity ascribed to the absorption of an almost infinite- 
simal dose of sulphate of magnesia seemed so incredible that 
Gubler attributed the pui^ative effect in the case of man, not to 
the injection of the salt, but to the mere anticipation of such a 
result, the individual Laving been informed that purgation was 
expected. This, in the less scientific and cultivated minds of the 
inmates of an hospital, where as yet all the experiments on man 
had been made, Gubler' considered very likely to occur. To teat 
the truth of his supposition, he administered the salt in the same 
manner to a large number of the students attending his clinique, 
upon whom the moral effect of the injection was reduced to a 
minimum. The result was highly favourable to his theory. For 
only in a very small percentage of those submitted to the action 
of the salt did purgation occur. The seat of the injection appears 
to have been the arm. Yet dogs could not have been led to 
expect purgation from a subcutaneous injection, and Vulpian 
and Carville never failed to observe purgation in all the dogs 
with which they experimented. Moreover, the latter, as I have 
mentioned in an earlier part of this paper,* found, when he 
killed the animals before purgation had occurred, that the mucous 
membrane of the whole intestine was congested and inflamed, 
and covered with a sanguineous effusion. Evidently, therefore, 
Gubler's theory was insufficient. 

It occurred to me that the true explanation of the action of 
a sahne canthartic, when injected subcutaneously, lay in the salt 
producing irritation at the seat of its injection, which irritation 
through a form of reflex mechanism excited the peristaltic or 
secretory activity of the intestinal canal. The principle of treat- 
ment by counter-irritation must be founded on the recognition 
^^^ of an intimate nervous relation or sympathy between certain 
^^K internal parts and other external, generally superjacent, parts. 
^^H Between the parietes of the abdomen and its viscera such a 
^^H nervous relation probably exists. It is this relation which is 
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disturbed by the irritation of the injected salt. If the 
iojeiited in any other situation than beneath some portion of the 
skin in nervous relation with the abdominal contents, and that 
is probai>ly any portion of the integument other than that 
which covers the abdomen, then purgation will not follow, for 
the nervous mechanism of the intestines is not disturbed. 
Hence, although Luton, Vulpian, and Carville invariably observed 
purgation occur when the salt was injected over the abdomen, 
yet Gubler's experiments were negative when the seat of the 
injection was the arm. This is more clearly proved by my own 
experiments, in which the situation of the injection was varied, 
and in which the following points will be demonstrated : — (1) A 
purgative salt is inactive wheu it ia injected beneath the skin of 
the arm or leg; (2) when injected over the abdomen its cathartic 
eH'ect depends upon its producing a certain degree of local irrita- 
tion and inflammation, for when evidence of irritation is absent 
there is no purgation ; (3) non-purgative salts, and one whichi 
as chloride of sodium, exists naturally in large quantity in the 
blood, or one, as sulphate of zinc, which is astringent, also pro- 
duce purgation, if their injection has been followed by local 
irritation. 

Experiment LXXIX.—Tem&t bitch, weighing 5-6S kilogrammes. 
Uaual diet of bread, boiled flesh, ajid water continued throughout this 
and following experiments. Injected, in the forenoon, beneath the 
skin of the hack between the acapnia 0'2 gramme of urfBtalline 
mlphaie of soda, dissolved in 2 c.c. of water. 

During the followiTig night a small quantity of hard fsecea was 
evacuated. On the second night a similar evacuation again occurred. 

There was not, at any time, perceptible swelling or inflammation of 
the subcutaneous tissue at the seat of the injection. 

Experiment LXXX. — Same dog. Injected beneath the akin of the 
ahdinmn, two inches to the left aide of the linea alba and one inch 
beneath the umbihcus, O'l gramme of s^ilphate of soda dissolved in 
2 c.c of water. 

Keithcr during the following night or day did the animal defalcate. 
On the following night there was a stool of ordinary firm consistence. 

There was no evidence of inflammation or pain at tne seat of the 
injection. 

Apparently in this dog sulphate of soda was incapable of 
purging, whether injected beneath the akin of the back or of the 
abdomen. It is, however, worthy of i-emark that in neither case 
was there any local irritation praduced by the injection. 
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Experiment LXXXI. — Same dog ; Heveral daya after previous 
experinnsnt. Injected Bubcutaneoasly over the abdomen, inside the 
left flank, O'l gramme of chloride of sotliatn, dissolved in 3 cc of 

The fliat evacuation oocnrred on the third day, and was of normal 



There was uo visible trace of inflammation at the seat of injection. 

ExperiTnent LXXXII. — Same dog. Injected suhcutaneously over 
the outer side of the upper part of the left fore-leg, 2'4 cc. of a 
solution of eulpkaie ofmaijnesia containing 0-12 gramme of the salt. 

There was a etool next morning, but small in quantity and perfectly 
firm. There was no further evacuation during the day. 

There was no swelling at the seat of injection. 

Experimeid LXXXIII. — Same dog, Injected a similar quantity 
of the same solution of imlpkate of magnesia, as used in the previous 
experiment, over the abdonten, inside the left flank. 

Not until the second night was there any evacuation, and it was 
then small in quantity and quite hard in consistence. 

There was no palpable or visible swelling or inflammation at the 
seat of injection, and apparently no pain. 

Exp^ivienf LXXXIV. — Same dog. Injected, a few days after- 
wards, in the same situation, a like quantity of a solution of sulphate 
of vuirpiesia, but double its strength, and containing, therefore, 0'S4 
gramme of the salt. 

Although kept under observation for two days afterwards, no dis- 
charge of fseeea took place during that time, 

There was no detectable swelling of the injected part. 

Tlie sulphate oE magnesia, therefore, like the sulphate of aoda, 
failed to produce purgation, or even the slightest laxative effect, 
wlien iujected subcutaneously in the same quantity aud strength 
of solution as was used by Vulpian, not even when injected over 
the abdomen. Here, also, as with sulphate of soda, the injection 
was unaccompanied by local inflammation ; and I have no doubt 
that this accounts for the negative results of my experiments aa 
compared with those of Vulpian, 

If these purgative salts failed to act, it was hardly to be 
expected that chloride of sodium could do otherwise, as the 
single experiment with it shows, 

A few experiments were now made on cats. 



Experiment LXXXV.—C&t, male, weighing 2-80 kilogrammes. 
Injected over the hack, between the scapidss, 0'15 gramme of mlphs' 
of soda, dissolved in 1'5 o.c. of water. 
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No evacuation occurred during the two following days. ^Vhen it 
did occur the diecharsie was hard. 

So swelling or redness at point of ii\jection. 

Experiment LXXXVI. — Same cat. Injected beneath the skin of 
the abdomen 0'15 gramme of autphute of suda, dissolved in 1-5 cc of 
water- 

During the immediately succeeding night there was a fairly large 
and firm stool, followed by another finn evacuation on the next night. 

No signs of irritation at the seat of injection. 

The result of these two experiments with this cat and sul- 
phate of soda is the same as of those with the dog — entirely 



Experiment LX XX VII. —CbX, female, weighing 1'64 kilogrammes, 
Pasfled a qnantitj of perfectly firm faaees immediately before the com- 
mencement of the experiment. At l.IO p.m. injected auhentaneously 
over abdomen, near the umbilicus, 0'15 gramme of chloride of sodium, 
dissolved in 1-5 cc. of water. 

During the night a soft pultaceons stool was evacuated of the usual 
colour. On the following night there was another somewhat soft stool, 
but firmer than the other. By the next day the fttwes had resumed 
their usual consistence. 

A slight thickening of the subcutaneous tissue could be felt at the 
seat of injection, and was evidently painful on pressure. 

Experiment LXXXVIII. — Same cat ; a few days afterwards. In- 
jected over the la/Ji, between the shoulders, 0-15 gramme of mlpJiate 
of lioda, dissolved in 1'5 cc. of water. 

The first stool was evacuated on the second night after the injectioii, 
and was of perfectly firm consistence. 

There was soma swelling and pain in the neighbourhood of the 
injection. 

These last two experiments were more successful than the 
others, inasmuch as in the one, by tlie abdominal subcutaneous 
injection of chloride of sodium, a purgative effect was obtained, 
and in both a certain degree of inflammatory irritation was pro- 
duced at the seat of the injection. This local irritation, and not 
the absorbed chloride of sodium, was evidently the cause of the 
purgation in the one experiment In the other, where the injec- 
tion was made over the back, although sulphate of soda, a more 
pui^ative salt, was used, and notwithstanding that a similar degree 
of local irritation was induced, there was not the slightest laxative 
effect. These results certainly favour the theory I have advanced, 
as also do the following experiments with another cat. 
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Experimfini LXXXIX. — Cat, male, weighing 3'05 kilogrammeB. 
At 1.50 P.M. injected beneath, tlie skin of the abdomen, to the inaide 
of the left flaok, 0'12 gramme of chloride of aodium, dissolved in 
2"4 c.c. of water. The fasces passed previous to the experiment wore 
observed to be firm. 

There waa a large evacuation during the night, partly firm and 
partly soft, although not liquid. One day later the feces returned to 
their usual conaisteURS. 

There was slight swalling at the aeat of the injection. 

Experiment ^C— -Same cat. Injected over the outer side of the 
thigh of the right fore-leg 0'125 gramme of sulphate of magnesia, 
dissolved in 2'6 c.c of water. 

There was no evacuation until the second night, when there was 
passed a small quantity of firm fiecee. 

Slight swelling at the seat of injection. 

Experiment XCI. — Same cat; a few days afterwards. At 5 p.m. 
injected over the alflamm, to the inner side of the left flank, 0-12 
gramme of SHlp^ate of marpiemi, dissolved in 24 c.c of water. 

During the night there was a large evacuation of fasces, haH of 
which was fiim and the other half much softer than usual, although 
not actually fluid. 

There was not much visible inflammation at the seat of injection, 
althoiigh some thickening of the subcutaneous tissue could he felt. 
The pain on pressure seemed to be inconsiderable. 

The chloride of sodium haa again relaxed the bowels when 
injected over the abdomen ; and a similar efi'ect has followed the 
injection of the sulphate of magnesia in the same situation. On 
the other hand, the latter salt has not affected the stools when 
injected over a fore-leg. The degree of local irritation caused by 
the injection was not great, and was much alike in each of the 
three experiments. 

Ea^riment XCII. — -Cat, female, weighing 2-39 kilogrammes. 
Injected over the outer side of the thigh of theleft/ore-iey O'l granune 
of sulphate of magnesia, dissolved in 2 cc. of water. 

B^o fajces during the next forty-oight hours — hard when they did 
appear. 

Without there being much swelling at the point of injection, the 
animal seemed to suffer some pain when the part was pressed or 
rubbed. 

Experiment XCJIl. — Same cat ; three days later. Injected over the 
hypogattrium 2 c.c of a. solution of sulphate, of magnesia, containing 
O'l gramme of the salt. 

The cat, which, without its being perceived, had been in on early atage 
of pregnancy, aborted in the course of the uight. The consistence of 
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a amaU quantity of faacea, paaaed towarda next evening, was softer 
than usual, hut barely bo inuch eo as to be eemi-fluid. 
Tlie injected part was somewhat swollen and paiufuL 

The experimentB on this cat, which in other respects present 
the same results as those on the previous cat, possess the addi- 
tional interest of showing that the abdominal subcutaneous 
injection of a salt may cause the expulsion of the contents of the 
uterus, as well as those of the intestines, and probably by the 
local irritation of the injection acting on the utenm through the 
agency of a reflex mechanism similar to that which we have 
supposed to exist between the akin of the abdomen and the 
intestines. 

Experiment XOI V. — Cat, female, weighing 2-09 kilogrammeB. 
Injected suhcutaneously over the outer aide of the upper part of the 
Tight fore-leg O'l gramme of Bulphate of ma/jneda, diesolved in 2 c.c. 
of water. 

During the afternoon of the following day there was passed some 
solid faeces of ordinary consistence, 

Experiment XCV. — Same cat ; two days afterwards. At 7.10 p.m. 
injected over the abdomen O'l gramma of mdphate of magnesia, dis- 
solved in 2 cc, of water. 

During the night there was an evacuation of a moderate quantity of 
soft eemi-fluid faicea. On the following night more soft fEBCoa were 
passed. By the third night the stools had resumed their usual 
consistence. 

There was a little swelling and pain at the seat of the injection. 

These two further experiments with sulphate of magnesia are, 
in their results, in harmony with those that precede, and leave 
little room for doubt as to the correctness of the theory I have 
advanced. 

I have already shown that even chloride of sodium, a salt 
which forms the principal part of the ash of the blood, will cause 
purgation when injected over the abdomen, if its injection 
is at the same time followed by some degree of local swell- 
ing and inflammation. The quantity injected was so small in 
comparison with the amount of the salt normally present in the 
blood, that it is impossible to believe that the absorption of this 
minute quantity could exercise any effect upon the intestines 
Purgation must liave been the reflex result of the local subcu- 
toaeouB irritation. ! 
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That purgation, both in the case of the chloride of sodium and 
of the purgative salts, is produced by such irritation, some 
experiments with sulphate of zinc very fully support. Sulphate 
of zinc in small doses is well known to act as a powerful 
astringent, causing constipation in preference to puigation. 
Administered by the mouth to cats in doses of from 0'05 to 0'20 
gramme, there was either no visible effect upon the stools, or, 
for a day or two afterwards, the stools were less frequent than 
usual, and their consistence was somewhat increased. When 
similar doses were injected subcutaneously over the legs, a like 
result was obtained. But, when the salt of the injection was 
the subcutaneous tissue of the abdomen, a laxative condition of 
the bowels always followed, although, in the two experiments 
instituted, more tardily than when sulphate of magnesia was 
employed. The details of these experiments follow. 

Experiment XGVI. — Cat, female, weighing 249 kilogrammes. 
Injected subcutaneouely over the ahdmnen to the inner side of the 
left flank, 0'5 c.c of a 10 per cent, solution of sulphate of zinc, or 005 
gtamnie of the aalt. 

The injection was made at noon, and hy the same hour on the 
following day no fsecea had been evacuated, although a slight swell- 
ing was visible at the Beat of the injection. In the course of the 
evening of the same day there was a atool, which, although con- 
siderably softer than usual, was barely semi-fluid. The local swelling 
had not increased. 

Ejiperiment XOVIL — Same cat, Five days after the previona 
experiment a similar injection was made over the outer side of the left 
fore-leg, but without any laxative efi'ect upon the bowels. 

Experimmt XCVIII. — Cat, female, weighing 209 kilogrammes. 
Injected over the abdomen to the inner side of the left flauk, 1 c.c. of 
a 10 per cent solution of sulphate of zinc, or O'l gramme of the salt. 

IJot until during the second night afterwMda were any fieoes 
evacuated, when there was a large semi-fluid, dark-coloured stooL 

There was a considerable area of soft inflammatory sweUing around 
the point of injection, which continued for a few days afterwards, with- 
out that the stools were again aemi-hquid. 

Exyieriimnl XCIX. — Same eat. After the sweDing over the abdomen 
bad completely subsided, a similar injection to that in the foregoing 
experiment was made over the hack between the scapulae. 

There were no fsces for two days afterwards, and the first evacua- 
tion that occurred consisted of perfectly firm fteees. 

These e.xperiments, therefore, bear exactly out what I have 
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already predicated for them. The slowness in hoth instances with 
which the laxative effect followed the abdominal subcutaneous 
injection of the salt may be attributable to the salt by its absorp- 
tion exercising its ordinary astringent impression upon the intes- 
tines, and thus delaying their evacuation until the salt has been 
eliminated from the circulation. 

These now numerous experiments appear so clearly to estab- 
lish the view I have suggested for the explanation of the action 
of minute doses of purgative salts suhcutaneously injected, that 
it may be thought unnecessary that I should add to their number 
by giving a few experiments which were made on man. The 
only, yet perhaps sufficient, plea I can advance for proposing 
such an addition is, that it was on man that the first experiments 
on this subject were made by Luton, and that it was slsoon man 
that, later, Gubler performed the very large number of experi- 
ments which led to his rejection of Lutou and Vulpian's explana- 
tion of their results. It became interesting, therefore, to know 
what effect the salt might possess when attention was paid to the 
locality into which it was injected. As the operation involved 
was of the simplest and most harmless nature, some of the ex- 
periments were made on convalescent patients within the wards 
of the Koyal Infirmary ; and for the performance of these I am 
indebted to Dr. Hosack Eraser, one of the assistants to the pro- 
fessors of clinical medicine. The remainder of the experiments 
were made on healthy individuals, and in every instance the 
person was of the male sex. In every experiment, unless where 
otherwise mentioned, 1 decigramme of sulphate of magnesia, 
dissolved in 1 c.c. of water, was injected. In order to test 
Gubler'a theory, some of the patients were told that purgation 
was expected to follow the injections ; the others were absolutely 
ignorant of the intention of the experiment. 

In several cases the salt was injected beneath the skin of tha 
arm ; and in no single instance did purgation occur, although in 
the majority of the cases the individual was led to understand 
that such a result was expected. Very rarely was any trace of 
irritation perceptible at the seat of the injection. It is not 
necessary that I give further details of these experiments. 

As to the results of the experiments when the salt waa in- 
jected beneath the skin of the abdomen, sometimes pui^atioi^i 
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followed, and at other times there was no eflect. But, as a 
general rule, it was observed that, when the bowels were 
affected, the degree of local subcutaneous irritation was greater 
than when the stoola were not softened. Most frequently in 
the latter case evidence of initation was entirely absejit. The 
following are the protocols of these experiments : — 

Hxjmnmenl C ^Sulphate of magueeia injected half an inch below 
the umbilicus. Patient not informed of the exjiected effect. 

There was iio puigation, and even no apparent acceleration of de- 
fiecation. 

ThoiB was no trace of pain or swelling at the seat of injection. 



Experiment CI. — Same 
exactly similar results. 

No purgation, and no local pain 



all respects as the prpceding, and with 
swelling. 



Exj-Kriment CII. — Same as the previous two, but individual told 
that pm^tion was expected. 

Results exactly as before ; no laxative effect, and no local pain. 

Experiment CIIl. — Same conditions as in last experiment, and fol- 
lowed by precisely the same results. 

Eeperiment CIV. — Same as previously, but individual not informed 
of the object of the injection. 

On this occasion there was some degi'ee of irritation and imeaainess 
at the seat of injection, and a slight laxative effect on the howele made 
itself apparent next morning. 

Experivient CV. — Same as in preceding experiment, but salt injected 
into the left iUac region. 

A moderate amount of purgation occurred next morning, and there 
was some irritation at the locality of the injection. 

Experimeni CVI. — Similar in all respects to the last, and followed 
biy much the same results. 

Expfrimeni €711. — Injected below the umbihcus OflS gramme of 
avlplmte ofzine, dissolved in half a cubic centimetre of water. 

In the course of next morning there were two evacuationB, both of 
them soft, but particularly the second, which was fluid. 

There was an area of redness, more than an inch in diameter, round 
tbe point of injection. 
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SUMMART OF THE EXPERIMENTS OF SeRIEB F. 



No. of 
Experiment. 


AnlmaL 


Salt Ii^jected. 


Situation of 
Injection. 


Effect on 
Part Injected. 


EfiTect on Bowels. 


LXXIX. 


Dog. 


Sulphate of soda. 


Back. 


No inflammation. 


No purgation. 


LXXX. 


do. 


do. 


Abdomen. 


do. 


do. 


LXXXT. 


do. 


Chloride of sodium. 


do. 


do. 


do. 


LXXXII. 


do. 


Sulphate of magnesia. 


Fore-leg. 


do. 


do. 


LXXXIII. 


do. 


do. 


Abdomen. 


do. 


do. 


LXXXTV. 


do. 


do. 


do. 


do. 


do. 


T^XXXV. 


Cat, A. 


Sulphate of soda. 


Back. 


do. 


do. 


T^XXXVI. 


do. 


do. 


Abdomen. 


do. 


do. 


T^XXXVII. 


Cat, B. 


Chloride of sodium. 


do. 


Slight inflammation. 


Pulpy stool. 


LXXXVIII. 


do. 


Sulphate of soda. 


Back. 


do. 


No purgation. 


LXXXIX. 


Cat, C. 


Cliloride of sodium. 


Abdomen. 


do. 


Stool, partly soft. 


XC. 


do. 


Sulphate of magnesia. 


Fore-leg. 


do. 


No purgation. 


XCI. 


do. 


do. 


Abdomen. 


do. 


Stool, partly soft. 


XCII. 


Cat, D. 


do. 


Fore-leg. 


Slight pain. 


No purgation. 


XCIII. 


do. 


do. 


Abdomen. 


Slight inflammation. 


( Stool, partly soft. 
( (Abortion.) 


XCIV. 


Cat, £. 


do. 


Fore-leg. 


No inflammation. 


No purgation. 


XCV. 


do. 


do. 


Abdomen. 


Slight Inflammation. 


Semi-fluid stools. 


XCVI. 


Cat, F. 


Sulphate of zinc. 


do. 


do. 


Soft stool. 


XCVIL 


do. 


do. 


Fore-leg. 


do. 


No purgation. 


xcvin. 


Cat, G. 


do. 


Abdomen. 


Inflammation. 


Semi-fluid stools. 


XCIX. 


do. 


do. 


Back. 


Slight inflammation. 


No purgation. 


c. 


Man. 


Sulphate of magnesia. 


Abdomen. 


No inflammation. 


do. 


CI. 


do. 


do. 


do. 


do. 


do. 


CII.» 


do. 


do. 


do. 


do. 


do. 


cm.* 


do. 


do. 


do. 


do. 


do. 


01 NT. 

1 


do. 


do. 


• do. 


Slight uneasiness. 


Slight laxattre effect. 


1 cv. 

1 


do. 


do. 


do. 


Some irritation. 


Moderate purgation. 


CVI. 

1 


do. 


do. 


do. 


do. 


do. 


evil. 


do. 


Sulphate of zinc. 


do. 


Inflammation. 


Purgation. 



* Individual informed that purgation was expected. 

A careful and unbiassed examination of these and the other 
experiments of this series amply prove, I venture to think, the 
propositions with which I started,^ that the salt will not purge 
unless when injected over the abdomen ; and that, even there, 
it will fail to act unless its injection is accompanied by a certain 

1 Page 180, 
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degree of irritatioa ; and that its action depends, almost for 
certain, wholly upon such irritation, independent of tlie purga- 
tive quality of the salt. 

In comparing the results of my experiments with those of 
Luton and Vulpian and Carville, it is somewhat remarkable 
that, even when I injected the salt over the abdomen, the 
bowels were by no means always affected, as seems to have 
happened in the experiments of these other observers ; and, when 
they were affected, the purgation waa of a very mild character, 
the stools being rarely more than partially liquid or semi-liquid. 
Indeed, had it not been that never once was an injection beneath 
the skin of the arm followed by the slightest laxative effect, I 
would have felt inclined to attribute the purgation occasionally 
observed after the abdominal injection to adventitious causes, 
and would have maintained that the subcutaneous injection 
per se of saline pui^es in any part of the body is absolutely 
without effect on the intestines. The only visible cause of 
purgation was the irritation which the salt produced at the seat 
of its injection. When this waa entirely absent, no purgation 
was observed. At the same time, 1 am not prepared to assert 
that purgation or a laxative effect will always occur when irrita- 
tion is visible ; probably not. My own experience bears me out 
in this statement, as do also some experiments by Vulpian. 
There la, indeed, tbe possibility that, when the local irritation is 
intense, an opposite effect ia produced upon the intestines, or, at 
any rate, that catharsis is not induced ; for Vulpian on one occa- 
sion injected as much as 10 grammes of sulphate of magnesia, 
I in 20 grammes of water, under the skin of the left 
k of a dog ; and in another dog, in the same situation, 4 drops 
of crotoQ oil, dissolved iu 10 drops of olive oil. In neither case 
was there any etl'ect on the intestines, notwithstanding that in 

I both animals there ensued extensive inflammation of the sub- 
cutaneous cellular tissue. 
It may not be altogether unprofitable to inquhe by what 
means, or through what mechanism, the subcutaneous irritation 
contrives to cause puliation. The mechanism, as I have already 
suggested, cannot well be other than nervous and reflex. The 
abdominal wall has no direct oi^anic connection with the viscera 
which it covers. The subcutaneous irritation must produce such 
an impression on the sensory nerves of the abdominal wall as 
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will be conveyed to some centres in the spinal cord or en- 
cephalon in immediate relation with other nerve centres, wliose 
efferent fibres pass to the intestines, and through which the 
impression will he reflected to these viscera. So much ia 
tolerably certain. But whether the efferent nerves are audi as 
control the secretion of the intestines, or are those which 
regulate peristalsis, or, perhaps, are merely the vasomotor nerves 
of the gut, my experiments do not afford nie much help in 
deciding. The stools were not sufficiently fluid as to lead me to 
believe that secretion was much, it at all, affected. Their 
character more inclined me to think that it was the motor nerves 
that were influenced— not only of the intestines, hut also of the 
uterus (Experiment XCIII.). But Carville's observation of a 
highly congested condition of the intestines in dogs killed shortly 
after the abdominal subcutaneous injection of sulphate of mag- 
nesia, to which I have already referred,^ renders it probable that 
it is the vasomotor nerves which are inhibited, giving rise to 
a temporary catarrhal condition of the intestines. This proba- 
bility is strengthened by common experience in other departments 
of medicine, in which we are not unacquainted with an intimate 
sympathy existing between parts, superficial and deep, totally 
unconnected by nerves or vessels passing directly between ' 
them, and where irritation of the former or superficial or cuta- 
neous part may lead to a vasomotor disturbance of the latter, 
resulting in congestion and even in infiammation. I need but ' 
adduce the instance of the lungs and the sldn of the thorax. 
Hardly any one doubts that congestion and inflammation of the ' 
former may sometimes arise from stimulation of the latter by ] 
cold or damp ; and it has been occasionally observed that a bum ' 
or scald of the skin of the thorax has been followed by congi 
tion and inflammation of the underlying portion of the luug.^ 

In citing the instance of the sympathetic relation of the 
thorax and the lungs, and its affection by cold, as comparable to I 
what occurs when the irritation of an abdominal subcutaueous | 
injection disturbs the vasomotor nerves of the subjacent viscera 
I am aware that many physicians would maintain that, in the 
former case, the application of cold to the skin oE the thorax does 
not produce congestion of the lungs through a reflex nervous I 
mechanism consisting of the cutaneous nerves of the thorax and 
' Page 12B. ' Siwaee, Icc/nres oa Sargcry, 2iid edit,, p. 178 ; and other 
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tbe vasomotor nerves of the lungs. They believe that the cold 
causes contraction of the cutaneous arterioles, and, driving more 
blood into the visceral circulation, produces a purely dynamical 
and compensatory expansion of the arteries of the subjacent 
lung, no other mechanism being involved than the hlood-vessela 
and the circulation. This, however, is in the highest degree 
improbable. For, if the volume of the cutaneous circulation be 
diminished, and that of the visceral circulation correspondingly 
augmented, why should the lungs alone be congested, and the 
remainder of the internal organs remain uncongested ? And, 
indeed, it is very problematical, if congestion of any internal 
organ, as we ordinarily understand it, can he caused hy a rapid, 
and much leas a gradual, increase of the volume of its blood- 
aupply wiLliin such limits as are likely or possible to occur; for 
physiology teaches us that, owing to the yreat dilatability of the 
veins, both trunks and branches, the capacity of the circulatory 
system is capable of undergoing sudden and most extensive 
variations without visible congestion or inflammation of any 
organ being produced. Were it otherwise, congestion and 
inflammation of oi^ans would be of frequent occurrence after 
the application of an Esmarch bandage to the whole length of a 
lower limb in so-eailed " bloodless " sui'gery ; and simple trans- 
fusion of blood might he attended with the gravest results. 
Irritation, therefore, of the akin, be it produced hy cold, burns, 
or subcutaneous injections, causes congestion of certain internal, 
generally subjacent, viscera, not from any disturbance in the 
equilibrium of their blood-supply acting through the circulation, 
but from stimulation of a nervous mechanism, which, through 
the central nervous system, brings the viscera into close union 
and sympathy with certain cutaneous areas, and through which 
mechanism vasomotor paresis of the viscera may occur. Thus 
the abdominal subcutaneous injection of a solution of sulphate 
of soda, sulphate of magnesia, chloride of sodium, or sulphate of 
zinc, in proportion to the nature and degree of the local irritation 
it produces, can cause congestion of the intestines and conse- 
quent diarrhcea ; whilst, if it be injected in some region of the 
body, between which and the abdominal viscera there exists no 
intimate nervous connection, the injection, however it may afl'ect 
other organs, will exert no reflex action on the vasomotor supply 
of the intestines. 
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Vulpiau's experiments render it probable, as I have already 
remarked, that a very strong irritation of the abdomiual cutis 
does not produce upon the intestines the effect of a weaker 
irritation. The former may, by exciting n. larger area of nervous 
centres in the brain or spinal cord, bring into play eft'erent fibres, 
other than the vasomotor inhibitory, which may nullify the 
action of these ; or, without assuming the involvement of more 
nerve centres and fibres, it is possible, from the consideration 
of other physiological and pharmacological phenomena, that an 
intense stimulation of the aame nervous mechanism may have 
the opposite efi'ect of a weak stimulation. 

The explanation which I have offered of the piirgative action 
of a salt when injected subcutaoeously is of considerable interest 
in connection with an observation by Kohler in his elaborate 
paper on the action of elaterium.' Zwicke, one of his pupils, he 
remarks, had found that injection of an alcoholic solution of 
convolvulin under the skin of the back, or directly into the vena 
jngularis, was not capable of purging ; injected, however, under 
the skin of the abdomen, purgation constantly followed. This 
difference in the behaviour of the cathartic, Kohler attributes 
to the solution of the convolvulin, in the latter case, directly 
penetrating the thin abdominal parietes by a kind of endo- 
smotic action, and thus reaching and entering the intestine with- 
out the intervention of the blood-vessels. In the intestines it 
came in contact with the bile, and was enabled to exert its usual 
purgative effect, convolvulin being one of those resinous cathar- 
tics to which Buchheim and his pupils first directed attention as 
producing their characteristic action only when mixed with bila 
With all respect for the extensive pharmacological experience of 
the late and lamented Kohler, the explanation he offers of con- 
volvulin, when thus injected, is to my mind very unsatisfactory 
and extremely improbable. Can he ask us to believe that thfl 
alcoholic solution of the resin will find some path by which it 
can wander through the muscular wall of the abdomen, through 
the powerfully absorbent cavity of the peritoneum, and, finally, 
through the intestinal wall, without in its course being com- 
pletely absorbed by tlie numerous blood-vessels and lymphatics it 
is forced to pass ? A much more likely explanation is that which 
^ Kiililcr, Anhiv /. palliotog. Aiiat., Bci. i. a. 37B ; ZwictB, Wirk. d. CaiwaU 
ruHna u. Jalapins. Iniug, Disaert., Halle, \xud Berl. Klin. Woch., 1870, No. 17. 
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I have suggested for the action of a similarly injected salt ; the 
alcohol and the convolvulin locally irritate the cutaiieoiis nerves 
of the ahdomen, and redesly inhibit the vasomotor nerves of the 
intestinal canal. Kohler observed that much the same effects 
followed variously- seated injections ot an alcoholic solution of 
elaterin, as when convolvulin was employed. 

If I might present yet another instance of puliation following 
irritation of the abdominal parietes, it is the ancient and long- 
practised custom of purging children and others by rubbing the 
abdomen with an irritant cathartic.^ Since the introduction of 
croton oil, it has been largely used for this purpose, and not- 
withstanding the incredulity of Eachheim^ and some others as 
to its action being manifested when thus applied, there is no 
reason to doubt its being able to purge, as otherwise it is 
difficult to understand how the practice became at one time so 
prevalent It was the apparent impossibility of the absorption 
of the oil by the skin which led such observers as Biichheim to 
doubt the capability of its acting by absorption, and in this they 
were probably right. For the most recent investigators of the 
absorptive power of the skin deny its ability to absorb even the 
most diffusible substances, provided they are non- volatile.* But, 
according to my view, absorption is not requisite, the irritation 
caused by the application of the oil to the skin being sufficient 
to account for purgation. And, while its inunction over the 
abdomen is succeeded by catharsis, I am not aware that its ap- 
plication to the chest in thoracic disease has been observed to be 
followed by a similar effect, although an equal opportunity is 
presented for its absorption ; and according to some old but 
apparently rehable experiments by Lund,* the oil purges when 
rubbed over the umbilicus, but nob when appUed to the arm. 

Not only do the experiments of this series furnish a reasonable 
explanation of the results of other observers working with 
entirely different purgatives, but I claim that the latter even 
support the view I have derived from a consideration of the former. 

' Mfirat et Lens, Did. Knivera. de watUre midimle, art. Purgntifs, t. v. p. 544 ; 
Madden (On CaCaneovs Absorption, Grad. Thasia, Kdinburgli, 1838, p. 01) citea 
variouB authors as Btatrng that a aulntian of jalap, ThubaTb, or ecammon;, applied 
to tho abdomen, wm frequently followad by purgation. 

' Buchheim, Arzneimiiiellehre, S Aafl., 1878, a. 378. 

' Vidt Hohrig, Physuilogie Aer Haut, Berlin, 1876. 

* Luud, De oleo crotonii. Dissert, lusag. Halis Sax, , 1831, pi). 21 ei 
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The most important objection to the saline cathartics acting 
by absorption when subcutaneously injected lies not in the results 
of the experiments of this series, but in those of the preceding 
series, where it was fully demonstrated that a saline cathartic ia 
not capable of purging when injected into the blood. 



Series of Experiments, G. 

The effect of the salt on the blood and the circulntion ; ob also its 
effect on the temperature of the body. 

I have already in Series G. drawn attention to the fact that the 
blood becomes concentrated for a short time after the administra- 
tion of a strong solution of sulphate of soda. A second concen- 
tration, but of leaa degree, is observed several hours later. At 
neither stage, however concentrated the blood may be, have I 
ever perceived any crenation of the corpuscles, if they were 
examined immediately after the blood was taken from the body ; 
but, if the blood was allowed to remain for a few minutes beneath ' 
the cover-glass on the microscopical slide, I have often observed 
that the corpuscles of the concentrated blood became more or less 
crenated, whilst within the same time the corpuscles of ordinary 
blood did not exhibit the slightest appearance of crenation. This 
ia a point almost devoid of interest, since the crenation does not 
occur within the body. 

The supposed alteration of the proportion of the white to 
the red corpuscles produced by the administration of a saline 
purgative is of more importance, although the mode of its pro- 
duction and its effect on the body are quite unknown. I have 
myself made no observations relative to this alteration, as the 
distribution of the leucocytes in a drop of blood is so unequal that 
the average of a very lai-ge number of enumerations of the cor- 
puscles is necessary to obtain even an approximate knowledge of 
their proportion in the blood. Ch. Eobin, from direct observa- 
tion, is of opinion that " a simple diarrlicea, such as that caused 
by the administration of a purgative, as Seidlitz water, sufBces to 
produce u notable augmentation of the leucocytes."' On the other 
hand, Brouardel,* as the result of a number of experiments on 
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man, finds that after the administration of saline and other pur- 
gatives the absolute number of the leucocytes in the blood is 
sometimes diminished, at other times increaaed, but that in 
relation to the red corpuscles their number is almost without 
exception diuiinished. In each experiment the enumeration 
of the corpuscles in the blood was made in ten different por- 
tions of the microscopic field by every member of Brouardel's 
histological class, each with a separate portion of blood, so 
that Brouardel's observations are as trustworthy as can be 
obtained by the method at our disposal. It is to be remarked 
that both Brouardel and Kobtu examined the blood several hours 
after the administration of the purgative, and in most cases 
during that period in which I observed the secondary concentra- 
tion of the blood. It is, however, highly probable that the 
alteration of the numerical relation of the white to the red 
corpuscles is in no way connected with the condition of concen- 
tration, but proceeds from the presence of the purgative in the 
blood affecting the transformation of the white into the red 
corpuscle, or disturbing the production of the white corpuscle in 
those localities of the body where it is believed to originate; and 
it is equally probable that the change is gradually accomplished, 
and, therefore, will have produced no perceptible effect, during 
the stage of primary concentration. 

The blood, so far as I have observed, suffers no other physical 
or chemical change, except the alteration in its composition due to 
the presence of the salt. It will be remembered that I suggested, 
as the result of the experiments of Series D., that during the first 
hour after theadministrationofthesalt the blood is probably highly 
charged with the salt, and that later the salt in great part disap- 
pears, mainly on account of its reappearing within the intestines. 
I may here state that since these experiments were made I have 
chemically estimated the amount of the salt recoverable from the 
blood at various periods after its administration, but have not 
been able, so far, to obtain evidence of a marked variation in the 
quantity of the salt in the blood. The result of these and other 
experiments will form the subject of a future communication. 

The change in the metabolism of the body, which is intimately 
associated with the action of the salt on the blood, will be con- 
sidered along with the effect of the salt on the urinary secretion. 
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There is still another action, or supposed action, of the 
purgative, wliicli may be appfopriately considered in connec- 
tion with the blood. Does the administratioD of a saline 
cathaitic affect the temperature of the body ? Purgatives, and 
particularly saline pnr^atives, have long been used in the treat- 
ment of fever, under the impression that, among other effects, they 
help to cool the body. For the purpoee of ascertaining if a saline 
cathartic actually reduces the temperature of the body, I made 
two experiments on man, a third on a cat, and a fourth on a 
rabbit. Although not sufficient in number to furnish a perfectly 
definite conclusion, yet they present fairly substanti'il grounds 
for inferring that the salt has little effect on the temperature. 
In two of the experiments, there was administered on the previ- 
ous day, with the object of learning the mere effect of the cold 
water of the salt solution, a quantity of cold water equal in bulk 
and temperature to the salt solution given. The two individuals 
submitted to the experiment partook of breakfast at 8.30 A. 
and received no food until 4.30 p.m. In the case of the cat and j 
the rabbit, they had no food on the day of the experiment until' j 
after eight in the evening. And on those days on which the I 
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course of the normal temperature was obtained, and the conrse 
of it as affected by a drink of cold water, the same restrictions as 
to diet were imposed. The temperature was taken beneath the 
tongue of the men, and in the rectum of the rabbit and eat, and 
two observations were in most cases made at each period, the 
one to correct and confirm the other. 

In Experiment CVIII., 600 ac. (20 oz.) of water at 5° C. were 
given on the second day at the time indicated; and 15 grammea 
(fully J oz.) of sulphate of soda, dissolved in 600 c.c. of water, the 
solution having a temperature of 5° C, were administered on the third 
day. In the other experiment, 23 grammes (1 oz.) of sulphate of 
magnesia, d^solved in 250 c.c. (fully 8 oz.) of water, the temperature 
of the solution being 2° C, were given on the second day. 
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In hoth experiments the salt administered was the sulphate of soda, 
and in equal strength of solution, namely, 10 per cent, and of like 
temperature — 7'5° C., 50 cc. having been given to the rabbit, and 40 
c.c. to the cat 50 cc. of water, of the same temperature as the salt 
solution, were administered at 1.50 p.m. on the second day of Experiment 
CX. 

In all these experiments a purgative discharge did not occur 
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during the period in which the temperature was recorded, but in . 
all of them, except that with the rabbit, free purgation followed 
in the course of the evening. 

Before drawing any conclusion from these experiments, 1 
have to remark that, from several unrecorded observations of 
the daily course of the normal temperature of the animals 
employed, I found that the temperature of the same animal 
often varied very considerably from day to day, as also tlirougliout 
any single day. Too nmch importance is not, therefore, to be 
attanlied to the variations obserred during each experiment 
We may, however, I'easonably conclude from these experiments 
that the solution of the saline cathartic generally produces, almost 
immediately after its administratiou, a slight reduction of tem- 
perature, which never amounts to more than half a degree 
Centigrade, or about one degree Fahreuheit, and which con- 
tinues, gradually becoming less evident, from one to two hoars. 
The temperature having reached the normal, remaius at this, or, 
if anytliing, mounts higher (Exps. CX, and CXI.), It is pro- 
bable, however, that the later rise of temperatuie observed in 
these experiments was due to causes other than the adminis- 
tration of the salt. In certain circumstances, as in Esiper. CIX,, 
the temperature is scarcely affected ; this is probably exceptional. . 
Water, it will be observed, given in a quantity, and of a tem- | 
perature, equal to those of the salt solution, also distinctly 
lowers the temperature of the body, but barely to the same ■ 
extent as the salt solution, and evidently not for so great a 
length of time, 

A saline cathartic would, therefore, appear to exert no, or very 
little, lowering efi'ect on the temperature beyond that produced 
by an equal quantity of cold water. The slightly greater effect 
of the saline solution and its more protracted action are probably 
to be attributed to the absorption of heat which occurs when the J 
solutiou is diluted by its mixture with the fiuid contents or | 
secretion of the alimentary canal and with the blood, a solution I 
of a salt absorbing heat, or being reduced in temperature, when J 
it is diluted. 

But, although tlie degree of the general temperature of the 
body, or the temperature of the internal organs, is not affected 
by the salt, it seems almost to be otherwise with the ab aoluta' 1 
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heat or caloric of the body. For it is oommon experience that 
for several hours after the administratioQ of a saline cathartic, 
and for many hours beyond the actual observed depression of 
temperature, there is a decided feeling of chilliness, some- 
times accompanied by slight shiverings, the extremities often 
becoming extremely cold. This is not a mere subjective sensa- 
tion of cold; for it is not difficult to ascertain that the tem- 
perature, for example, of the bands, is much lower than usual 
Yet the temperature of internal and unexposed parts remains 
high. This loss in the absolute heat of the body is probably 
caused by a contraction of the peripheral arteries due to the 
slightly irritating action of the salt dissolved in and circulating 
with the blood. A full supply, therefore, of warm blood is denied 
to the peripheral parts of the body, and these being exposed to 
the cold of the surrounding atmosphere quickly lose their heat. 

In so far, therefore, as its effect on the temperature is con- 
cerned, the advantage of the employment of a saline cathartic 
in the treatment of fevers is extremely doubtful ; for, although 
the peripheral temperature is reduced, the temperature of the 
blood and of the viscera, on which the effect of a high tempera- 
ture is most dreaded, is not lowered. 

The supposition made in explanation of the salt reducing the 
temperature of the periphery of the body, namely, that the 
arterioles have their calibre diminished, receives support from 
observations I have made of the action of the salt on the circu- 
lation, to the consideration of which I now proceed. 

In estimating the effect of the saline cathart-ic on the circula- 
tion I have confined myself to observing the effect on the pulse 
by means of Marey's aphygniograph. No direct experiments 
were made as to the action of the salt on the actual arterial 
blood-pressure, owing to the fact that, from sphygmographic 
observations, T knew the effect on the circulation waa very 
gradually produced, and was probably at no time very marked ; 
and in such a case I believed that the effect of the prolonged 
subjection of the animal to the requirements of a blood-presaure 
experiment, and the disturbance produced by the necessary admin- 
istration of aufesthetics, would almost certainly obscure the 
action of the salt. 

The prevalent belief has long been that cathartics, salines in- 
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eluded, lower tlie blood-preaaure. And it is more witli this ' 
object tliaa from auy anticipated eS'ect on the temperature that 
cathartics have been employed in the treatment of acute febrQe 
and inflammatory conditions, it being supposed that, by remov- 
ing through the intestines from the blood a quantity of its fluid, 
they accomplish a form of depletion which results in a diminu- 
tion of the volume of the blood and consecLUently of its pressure. 
This supposition is based on the erroneous assumption that a very 
gradual and not too extensive depletion of the blood is followed 
by a lowering of the blood-pressure. Still it is possible that, 
quite apart from this supposition as to the method of its produc- 
tion, cathartics may lower the blood-tension. Lauder Bruutoni I 
gives two sphygiDographic tracings of the pulse of a healthy I 
man, one taken before, and the other after, the action of a pur- 
gative, which lend support to the common belief. The name of 
the purgative used is not stated. My own observations are more J 
numerous than those of Erunton, and in their results 
seem to contradict those of that eminent pharmacologist. I, of I 
course, employed saline purgatives, and observed their effect on J 
the tension and rate of the pulse, and, as in Lauder Brunton'a I 
experiment, in individuals with a normal circulation. The J 
observations were made on the patient submitted to Experr- I 
meats LIV. and LV., in both of which sulphate of soda v 
salt employed, and on a second patient in the wards of the I 
infirmary to whom a dose of sulphate of magnesia was ad- 1 
ministered. The aphygmographic tracings from the former 
patient were taken whilst the previous experiments were in 
operation. . 

Experiment CXII. — J. W., let. 33, suffering from a chronic I 
nervous disease of an atasic characterj general healtli otherwise good, \ 
The patient was placed in bed about twenty minutes before the first * 
tracing was taken, and waa kept in bed throughout the experiment. 
The aphygmograph (Marej'a) waa fixed with a comparatively hght 
pressnie over the left radial artery at the wrist, the arm being kept 
all the while steadily in the same place on the bed, and the aphygmo- 
graph waa not moved from its original position until all the tracinge 
had been taken, except that, immediately after taking the last traoinR 
nf the series presented, it waa moved gently about for the porpose of 
ascertaining if the character of the tracing waa not due to a ' 
having occurred in the position of the instrument. But, although 
' Lnudor Bninton, PractUioiur, vol. sii., lS7i, p. 417,] 
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several other tracinga were taken, they did not differ in character 
from the one first procured. No food was given during 4J hours 
previous to the ad ministration of the purge — 21 '3 grammes {J oz.) 
of BTiIphate of coda dissolved in 85 c.c. (3 oz.) of water, or nearly 
a 20 per cent, solution of the salt Purgation occurred next morning, 
fully li hours afterwards. A large aeries of tracings were taken, a 
few of which are reproduced. The following letters refer to those of 
the accompanying lithograph (Plate X.). 



A. 10 ainu 


les before theadminiatration of the purgfttive. Pulse, 60 ; rtsp, 20. 


B. 60 mini 


.ea after „ „ „ „ Pulse, 56 ; reap. 20. 


C. 12f; mil 


itea „ „ „ „ Pulse, 80 ; reap. 28. 


D. 185 min 


ntes „ „ „ „ Pulee, 68 ; reap. 2t. 



I 

I 



A tracing was taken 9J hours after the administration of the purga- 
tive, the pulse being 52, and respiration 24 ; it was almost exactly the 
same in character as D. 

Experiment CXIII. — ^Same individual as in previous experiment 
and conditions exactly alike, excepting that the salt was given 
dissolved in 454 c.c. (16 oz.) of water — about a 5 per cent, solution. 
A free watery purgation occurred two hours afterwards. 

The series of tracinga obtained during this experiment was aimUar 
in character to that of the previous experiment, except that the 
gradual change ohserved to occur in the form of the pulse-wave, 
although quite evident, was not so well marked. The rate of the 
pulae and the respirations was very little affected, falling very slightly 
after the administration of the salt, the former from 60 to 58, and the 
latter from 12 to 20. 

Experiment CXIV. — W. F., rat. 19, convalescent from nephritis. 
Conditions were quite the same as in the previous experiments. The 
purgative administered was 21 '3 grammes (| oz.) of sulphate of 
magnesia, dissolved in 227 c.c. (8 oz.) of water — -about a 10 per cent, 
solution. Purgation took place 2^ hours afterwards, and was followed 
by another watery dejection a few hours later in the evening. The 
following numerals refer to those of the accompanying lithograph, in 
which a few of the spygmographic tracings taken are represented. 



I. 7 min 
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the Kdministration of the purgativ 


Piilse, 92 ; Tesp. 20 
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V. 225 min 


ntea 
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Pulse, 79 ; reap. 17 



The pulse-wave, as obtained by the aphygmograph, is not 
always a very reliable index of the blood-pressure ; yet, as the 
present observations were made with the greatest care, and with 
the assistance of Dr. Logan, a former resident physician in the 
infirmary, and who Lad considerable experience in the use of the 
Bphyginogra[ib whilst assisting Professvir T. R. Fraser, we are 
entitled to regard these tracings as fairly representing the state 
of the pulse. In each case, the pressure of the spbygmograph 
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remaiuing constant, the instrument was bo placed as to obtain the 
greatest possible movement of the lever, and in this position it 
was maintained during the experiment. When it was removed 
to permit of the patient going to stool, as happened in the last 
two experiments, it was afterwards placed in exactly the same I 
position, and gently moved about until it rested on the point 
which gave the maximum movement of the lever. In each j 
experiment many more tracings were taken than those repro- 
duced, and all of them showed progressively the changes seen in j 
those selected. 

In the first place, it will be observed that the frequency of i 
the pulse cannot be said to be much altered ; if there be any 
change it is towards a slowing of the pulse. It is otherwise with 
the tension of the pulse, particularly in the first of the three ex- 
periments where each successive tracing indicates a progressive 
increase of the arterial tension, most evident in the third 
and following tracings. The same e£Fect was observed in the 
second experiment, although not so markedly. The great differ- 
ence in the degree of the concentration of the solution of the 
salt administered in these two experiments producing a remark- j 
able difference in the degree of the concentration of the blood | 
(vide Experiments LIV. and LV.) may account for the difference ' 
in the pulse. The lessened total volume of the blood in the 
first experiment is, almost contrary to expectation, associated 
with a more decided increase of the tension of the pulse. But 
whether this greater rise is to be attributed to the concentration ■ 
of the blood, or to the absorption and presence of more salt in. I 
the blood than in the second experiment, it is difficnlt to say. 

In the third experiment, that in which sulphate of magnes: 
was administered, an increase of the tension of the pulse is alaoJ 
apparent. I regret that, owing to the discharge of the othetj 
patient from the hospital, I was unable to make this experimenbj 
also on him, so that a better comparison might have been insti*l 
tuted between the action of the soda salt and that of the magnes 
salt. The frequency of the pulse is in this experiment decidedly' 
lessened, but this may have been accidental. 

The rate of the pulse, judging from these and other experi«l 
ments, becomes usually a little slower after the adminiatrationj 
of the salt, but often it is not at all affected. 
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If I am correct iii interpreting the changes observed in the 
pulse -tracings aa indicating an increase of the arterial pressure, 
it falls to be asked how this increase is accompliahed. It is 
prubiibly due, aa I have already hinted, to the irritation of the 
walls of the arteries, particularly of the smaller arteries, by 
the salt, which the blood has absorbed, producing a contraction 
of their calibre, and thus increasing the resistance to the onward 
flow of the blood. The nature of the alteration of the pulse- 
wave points more to a diminished outflow of blood through the 
arterioles than to an increased inflow from stimulation of cardiac 
action. If the heart participate in effecting the iticrease of the 
blood-pressure, the rate of its pulsations shows that it is not 
by any increase of their frequency. 

What then is the value of the cathartic in inflammation, if it 
increases the blood- pressure witliin the inflamed oigan ? In- 
crease of arterial pressure, however, does not necessarily imply 
increase of pressure within the capillaries, if the increased pres- 
sure be due to the contraction of tlie arterioles. It may, on the 
contrary, be associated with a diminished capillary pressure; and 
this is probably what occurs after the administration of a saline 
cathartic. Eut, even should the salt increase the pressure of 
the entire blood system of the oi^an, it is possible that as 
much benefit may be derived from a more forcible and penetrat- 
ing circulation, driving onwards the stagnating blood, as from a 
diminution of pressure. How else can digitalis prove so beneficial 
in cases of inflammation and fever, if we accept the results of 
some recent continental experiments on tlie nature of the action 
of this remedy ? 

8MIES OF Experiments, U. 
Tho effect of the salt on the urinary arcretion. 

The experiments of this aeries are, like those of the last series 
somewhat fragmentary, and do not pretend to do more than 
roughly indicate the probable mode of action of the saline purga- 
tive on the urine 

This action requires to be considered with reference to the 
effect of the salt on the rate of the secretion of the urine, and its 
eflect on the chemicil composition of the urine. The immediate 
effect of the administration of a dose of a saline purgative on the 
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secretion dependa considernMy on the degree of dilution of tlie 
salt given. Tf the solution is very concentrated, the nmount of 
urine secreted during the next few honra ie often somewhat 
diminished, owing to a partial metastasis of the secretion. But 
quite as frequently the rate of the secretion may not at all he 
afiected. If, however, the solution is very dilute, there is an 
immediate increase of the secretion, which continues for a short 
time, until the excess of water taken with the purgative has heen 
eliminated by the kidneys. But whether the salt solution ad- 
ministered be dilute or concentrated, unless extremely dilute, 
there is frequently obser^'ed, during the twelve hours or so im- i 
mediately following the injection of the purgative, a diminu- | 
tion of the total amount of the secretion. This diminution 
is probably dependent on the fluids of the blood having heen 
largely removed during this time by purgation. Tliis effect, how- 
ever, ia not constant, and is not exhibited in all of the experiments 
selected to illustrate this series. Sooner or later the diminution i 
of the secretion, if it occur.is succeeded by a generally well-marked J 
increase, which usually begins to he evident within twelve or | 
fifteen hours, or more, after the administration of the pui^e, and 1 
which continues for a complete day, or longer, afterwards. This ia J 
well illustrated in Experiment XXIII. of Series A., and in Experi- 1 
nients LTV. and LV. of Series C, and in some experiments whose 1 
details I shall immediately give.in all of which care was taken thutfl 
the daily amount of fluids imbibed was as nearly as poasibl 
stant This diuretic effect of the salt is accompanied by a toler-i 
alily distinct concentration of the blood, as I have previuuslyB 
pointed out (Series of Experiments, C). 

The effect of the saline cathartic on the quality or compositionj 
of the urine is, apart from the alteration produced by its own, 
presence, not great, and will be best appreciated after considerinm 
the results of the subjoined experiments. 

In the first of the experiments of this series the action of { 
very dilute solution of sulphate of soda on the rate of the urinary 
secretion will be exhibited and contrasted with the normal 
rate of secretion, and with the effect of water, equal in quantity 
to the salt solution administered. This, as well as the twoy 
subsequent experiments, 1 conducted on myself; and whilst 
they were being made I took care that, for some days previously 
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my diet, unci particularly the liquids of it, should be of the same 
quality and quantity on each day ; as far as possible, also, the 
amount of physical exereiao, and the nature of my occupation, 
were similarly regulated. Breakfast wag taken about 8.30 a.m., 
and dinner not until 5.30 or 7.30 P.M., no food having been eaten 
in the interval, and no supper afterwards. No fluids were con- 
sumed unless at meals, and then sparingly. In this way it was 
possible to procure a tolerably steady rate of urinary secretion. 
The urine was usually collected, by a complete evacuation of the 
bladder, every half hour during the afternoon, the salt not being 
administered until about four hours after breakfast, so that the 
stomach might be fairly free from food, the breakfast being light 
and easily digestible. 

ExperijiKMt CXV. — In the accompanjdng tabulated arrangement of 
the results of tliis experiment, at each hour bracketed in the first 
day of the B. part of it, 100 ce. of a solution of sulphate of soda were 
drunk, containing 3 grammes of the Bolt, and at the same hour. in the 
C. part, 100 C.C. of ordinary spring water were taken. The hladder 
was evacuated every half hour from 12.30 to 7.30 p.m. From 7.30 p.m. 
until 8.30 next morning it was evacuated at irregular intervals, but 
the whole of the urine was measured, and from it waa estimated 
the half-hourly average. From 10.30 a.m. to 12.30 p.m. the 
hhwlder waa emptied hourly. TJio sulphuric acid of each of the half- 
hourly evacuations was estimated by boiling the urine with hydro- 
chloric acid, and afterwards precipitating with barium chloride iu the 
usual manner, and with the naual precautions. On account of the 
urine having been previously boiled with hydrochloric acid, both the 
" gepaart " and " ungepaart" sulphuric acid was precipitated. The 
excess represented iu the table, and calculated as sulphate of soda, is 
the excess of the acid due to the presence of the purgative salt The 
normal proportion of the acid was estimated during the hour previous 
to conmiencing the experiment. The quantity normally excreted 
very gradually becomes less during the afternoon, but the fall is not 
sufficient to impair the general accuracy of the results given, 

A moderately soft atool was passed about 8 p.m. of the same day 
in which the salt was taken. 

It will be observed from the results of tbia experiment that 
the drinking of 400 c.c. of a 3 per cent, solution of sulphate of 
soda produces an immediate increase in the flow of urine, although 
not by any means in proportion to the amount of fluid taken, 
and very much less in amount than that caused by the drinking 
of the same quantity of water, when, indeed, allowing for the 
normal amount of secretion, more nriue was secreted than there 
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^f has takeii of wnter. The immediate increase of the urine, which^J 


soUow9 the ad ministration of the salt, gradunlly but rjutckly dis- 


appears, and is followed by a remote increase, which commences 


in the course of the night and is apparent during the greater 


part oE the following day. 


The rate of the elimination of the salt in the urine is of 
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particular interest in connection with the experiments of Series 




^B D„ where the conclusion was arrived at, that, at least, the acid of 


^H the salt in large part entei-s ttie blood, or rather disappears from 


^B the alimentary canal immediately after it* ingestion. If it we|^^ 
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present iu the blood, we would expect that during this period 
there would be more of the salt or the acid in the urine than 
at a later period wlieo the salt returns to the alimentary canal. 
The rate of the elimiuatiou of the salt in the preseut experiment 
exhibits do evidence of the blood being richly charged with the 
salt during the first one or two houi-s after the administration of 
the purge. 

The next two experiments are similar to the B. part of the pre- 
;ediug in their arrangement, excepting that the salt administered 
was the sulphate of m^neaia, and that the half-hourly excretion 
of urea and chlorides was carefully ascertained, the former as 
representing the oi-ganic, the latter as representing the inoi'ganic, 
matter of the urine ; the rate, also, of the elimination of the 
base of the purgative salt, «e well as that of the acid, was in- 
vestigated. In the one experiment a highly-concentrated solu- 
tion of the salt was taken, in the other a dilute solution, 
although not so dilute as in Experiment CXV. In the latter 
of the two experiments the degree of the acidity of the urine was 
oliserved. The results of these experiments are arranged in a 
tabular form. 

The urua was estimated by means of the nitrogen or hypobromite 
process, and the cldorides by the usual volumetric method with nitrate 
of silver, The magnesia was separated in. the form of the ammoiiio- 
phofphate, the urine having been previously deprived of its Iron and 
its Iimo by hrat acidulating it with hydrochloric acid, then almost 
neutralising it with carhonate of soda, afterwards adding acetate of 
soda, and boiling and filtering, and, finally, treating the filtrate with 
uxalate of ammonia, and, after allowing it to stand for twelve hours, 
again filtering. The ammouio-phosphate was heated to redness, and 
the pyro-phoaphiite obtainwl, whicli was the salt weighed. The 
standard solution of caustic potash employed for the iletermination 
of the acidity of the urbe contained 0'68 gnus, in 100 c.c. of water. 
As the quantity of the chlorides and urea secreted in a given period 
depends very largely on the amount of the urine, I have thonght it 
desirable to give the quantity of each in 5 c.c. of mine, as well as 
the absolute quantity excreted in the course of ihe half hour. The 
estimation of the chlorides and of the urea were not continued after 
dinner, as tlie food considerably affects their elimination. 

The rate of elimination of the chlorides and urea in the normal 
iniue was found to exhibit, as is well known, an increase for a few 
hours after breakfast, as, iaileoJ, after every meal, aod afterwards to 
undergo with oecasiouul variations a continuous decrease. The de- 
crease was more marked iu the case of the chlorides than of the urea. 
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'i'lio TiiUi (if thoir climinalioii did not exliiliit a eubetaiitial dilTrivnce 
from that shown in Experiment CXVI. after the administration of the 
salt, and, as it Taried someffhat from daj to day, I have not deemed 
necessary, fur tho sake of comparison, to insert the results I obtained. 

Tf a careful survey be madi: of the results o£ these two experi- 
ments it will be seen, first, as regards the rate of the secretion of 
the uriue, that the administration of the concentrated purge has 
not been followed by an immediate lowering of the rate, as I 
have sometimes observed to occur ; and that an hour after the 
diluted salt was taken the aecretion has become considerably 
increased. The further coarse of the rate of the secretion is 
much alike in both. 

Next, as concerns the acidity of the nriue, it becomes dis- 
tinctly increased after the admiuiBtration of the salt, but this 
increase is probably for the most part physiological, and would 
have taken place althouf^h tlie salt had not been administered, 
as the urine, wliieh is alkaline whilst gastric digestiou is actively 
going on, gradually becomes acid afterwards, and the salt was 
probably taken whilst the natural acidity was still on the . 
increase. At any rate, I have several times observed that the 
normal acidity of the urine, some hours after breakfast, is quite 
equal to that recorded as occuning after the administration of 
the salt 

The effect of the salt on the amount of the urea is not well j 
pronounced, and it is extremely difficult to rightly interpret the 
results obtained, owing to the amount of the urea being greatly 
affected by the quantity of the urinary secretion. From a cai'e- 
ful consideration of these results, and attaching more import- 
ance to the percentage than to the absolute amount of urea, , 
particularly where the rate of the urinary secretion has become 
tolerably uniform, as from 1.30 to 3.30 P.M. in Experiment 
CXVI,, and remembering that the urea normally begins steadily 
to decrease some hours after a meal and when no excercise is 
being taken, I am inclined to believe that there is a very slight 
increase in the excretion of the urea, and that, therefore, the salt I 
promotes to a small extent the tissue-metamorphosis of tho | 
body. This is, however, at beBt, extremely doubtful, and does 
not receive much support in the next two experinienta. 

The chlorides of the uriue are also evidently not much altered j 



THE ACTION OF SALINE CATnAETICS, 



Ifil 



in quantity, if allowance be made for the gradual dimmutiou in 
their excretion, which bej'iiis after digestion haa been completed. 
It altered they are probably slightly diminished. The estima- 
tions of the ohiorides awanting in Experiment CXVII. are due to 
the imne having had hydrochloric acid accidentally added to it. 
The most interesting, because, to a large extent, the most 
definite, of the results of the analyses of the urine in tbeae 
experiments are those which exhibit the rate of elimination of 
the acid and base of the purgative salt by the kidneys. This is 
best shown in the following table, where the excess of the 



Exhibiting the Excebk op the Aoro A 



B U»IBB. 



B PnaoATivE Salt 



EMHuimirOXVI. 


ExriaiBBiCXVU. 




H»H-hBBrly E»ce», 
ciUcuIbUII u HgSOi.7fliO, 


BladdBT. 


nuU-hourly E.ct=i, 
.^nWt«l»MgS0,.71I,0, 




MaeiK^U. 


8^^^ 


UnKn«I.L 


12.32 f.M. 

1 ., 
1.30 „ 

2 .. 
3.30 „ 

3 

3.30 „ 
4.30 „ 
0.SO „ 
8.30 A.M. 
12.30 P.M. 
6.30 „ 


Salt admi 
0-0191 
0-0181 
0-0712 
0-0579 
0-0594 
0-1171 

0'i2ao 

O'1025 
0'156e 
1069 
0-l}795 


nUteS"' 
0-0253 

j 0219 
0'0ir2 
0-0108 

o-oooo 


12.1fiA.M. 

12.45 „ 
J.15 „ 
1.46 „ 
2.20 „ 
2.45 „ 
3.15 „ 
3.45 „ 
4.15 „ 
4.45 „ 
6,15 „ 
G.I5 „ 
7.1B „ 


8flT™lmi 
0-0257 
0656 
0-0703 
0-0836 
0-0117 
0-1057 

0-oeos 

0'0612 
0'0794 
0629 
0-0971 
0']352 


niatered. 
0-0195 
0-0100 
0'0149 
n-0124 
0107 
0102 

j O'Oisa 
0-007S 

O'OISB 


Total 
EXC0B8 in 
17 hours. 


( 7 3708 


0-8074 


Total 
Excuss ill 
7 Jioui's. 


( !-10dI 


0-2061 



mR.gnesia and the sulphuric acid beyond the quantity normally 
present in the urine is represented. The normal quantity of 
each was asceHained from an estimation of its amount in the 
urine secreted previous to commencing the experiment ; aud, 
although the urine examined was collected only during two 
hours, or a little less, the quantity of magiiesiri and suljibiinr 
acid obtained from it was found by comparison with analyses of 
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the total tweitty-four hours' urine to repreaeut almost exactly the 
proportion that these other analyaea would tiave led us to 
expect. 

The rate of the elimination ot the acid after it has been fairly 
established, that is, within an hour, or an Lour and a half, after 
the administration of the salt, remains tolerably uniform for a 
few hours subsequently, but it gradually increases towards even- 
ing, in spite of the quantity of the urinary secretion undergoing 
a gradual diminution, and remains tolerably high throughout 
the day. The degree of concentration of the solution of the 
purgative salt when given, evidently exerts little influence on 
tlie rate of the elimination of the acid. The rapidity of the 
elimination of the base, or the magnesia, was probably also 
much alike in both experiments, although the results of Expeii- 
ment CXVI. exhibit a somewhat higher rate than those of the 
other. The apparent lower rate of the latter is probably due to 
the errors accompanying the analysis of very small quantities 
of the urine. In Experiment CXVI., which is more extended 
than the other, the rate of elimination of the magnesia after 
the first three or six hoiu-s is seen gradually to decline, and 
terminates evidently some horn's previous to the complete 
elimination of the sulphuric acid. The most noteworthy result, 
however, is brought out in a comparison of the rates of elimina- 
tion of the acid and base. The former appears in the urine in 
much larger quantity than the latter, especially after the first 
hours following the ingestion of the salt. Estimating both acid 
and base as MgSOj.VH^O, the quantity excreted of the former is 
on an average nearly ten times as great as that of the latter. 
The salt is evidently split up somewhere in the body, either in" 
the intestinal canal or in the blood, almost for certaiu in thft' 
former. Assuming that the decomposition occurs within the inte3-< 
tines, and some recent experiments of mine — made in continua-' 
tion of the experiments of SltIcs D., and since these werei 
published — render it almost a certainty, the base remains for thei 
most part within the canal, and is evacuated along with the' 
fuices, whilst a large proportion of the acid {lasscs into the bloodrj 
and is excreted by the kidneys. 

A r^miia of thofio oddiliuiul uxpot'imuuU tu Surius D. luis bueii pub- J 
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^^H liahGd in a recout aumber of the Briivsh Medical Journal,^ iavinch it will 
^^^1 bo obsiarvod tliat, by eatiuiatin^ both, the acid and the baso of tho purga- 
^^^H tive salt recoverable from the intftstinal canal, I have found that the 
^^B buse does not undergo the rapid absorption spoken of in tho oxpori- 
^^H menta of Series D., in which the acid of tho salt was alone estimated. 
^^V In these later experiniontB snlpbate of magaoaia, as well a^ sulphate of 
aoda, waa employed, whereas in my former experinionts the latter salt 
alone was used. With both salts the results are the same ; the mag- 
nesia, in the one case, and tho soda, in the other, disappears very slowly 
fro«t the alimentary canal, whilst tho acid is rapidly abeorbed, and pur- 
sues the course already described under Series D, This sotisfautorily 
explains why the sulphate of magnesia does not produce the toxic 
elfeot which was seen to result from its injection into the blood. The 

■ magnesia never enters the blood in a quantity sufficient to permit of its 
toxicty becoming developed. 
The results of the preseut experiments are in liarmony with 
those of the experiments I have just alluded to, except that the 
rely rapid absorption of the acid which occurs soon after 
t!ie administration of the salt leaves no trace in the urine of its 
having taken place ; the elimination of the acid is not greater, 
indeed, is even less, during the first hour following the ingestion 
of the salt than it is some houi-s afterwards, when, according to 
the experiments of Series D., the acid is retuiniug, or has 
returned, to the alimentary canal, and when, therefore, there 
ought to be mucli less of it in the blood, if it be the blood which 
stores it during its early rapid absorption. 

It would be interesting to inquire in what combination the 

xcess of sulphuric acid appears in the urine. As the acidity of 

the urine is hardly, if at all, greater than normal, it is not in the 

form of free acid. Moat probably it is as a sulphate of the alka- 

[ line metals, particularly of sodium. 

The next, and the concluding, experiments of this series were 
made on two convalescent patients in tho Infirmary, whose diet 
was uniform in kind and quantity from day to day throughout 
each experiment. The daily supply of liquids was also perfectly 
definite and equal. The object of these experiments was to 
^^_ ascertain the gross and more extended effect of a dose of a 
^^^k purgative salt on the excretion of the area and chlorides : in 
^^V the previous experiments the immediate and detailed effect of 
^^B the salt on the excretion of these substances was determined. 



I 
I 



" On tho Absnrplion of Certain Snlta from the Alimontnrj Cnuiil," No. 11J8, 
\f. 1204, DBU.ie, 1882. 
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Experiment CXVIIL — A. W., male, set. 38. The urine of the 
twenty-four hours was collected and measured every morning at six, 
and the purgative (20 grammes of sulphate of magnesia dissolved in 
half a tumblerful of water) was administered at that hour on the morn- 
ing of the third day, or at the commencement of the fourth period of 
twenty-fours, as represented in the following table : — 

Experiment CXVIII. 





Urine. 


Urea. 


Chlorides, calculated!* as 
NaCL 


Period of 
24 hours. 










Total 


Specific 


In 5 c.c. of 


In total 


In 6 cc. of 


In total 




Amount. 


Gravity. 


Uiine. 


Urine. 


Uiine. 


Urine. 




c.c. 




grras. 


gnus. 


gnus. 


gmis. 


I. 


1426 


1014-2 


0-066 


18 836 


0-046 


12-843 


11. 


1.526 


1014-6 


0-066 


20-130 


0-046 


14-030 


III. 


1695 
Salt admin 


1014-3 
istered. 


0-067 


21-373 


0-042 


13-398 


IV. 


1369 


1016-3 


0-068 


18-618 


0-038 


10-404 


V. 


1738 


1012-8 


0-058 


20-160 


0-039 


13-666 


VI. 


1026 


1014-8 

• 


0-064 


13120 


0*044 


9-020 



Experiment CXIX. — J. G., male, set. 47. All the conditions of this 
experiment were exactly the same as in the previous experiment. 

Experiment CXIX. 





Urine. 


Urea. 


Chlorides, calculated as 
N/iCl. 


Period of 
21 hours. 










Total 


Specific 


In 5 c.c. of 


In total 


In 5 c.c. of 


In total 




Amount. 


Gravity. 


Urine. 


Urine. 


Urine. 


Urine. 




c.c. 




Pfiins. 


grms. 


grms. 


grms. 


I. 


1273 


• • • 


• • • 


• • • 


• t • 


• • • 


II. 


1267 


1017-9 


0-078 


19-766 


0-050 


12-670 


HI. 


1353 
Salt admin 


1016-8 
istered. 


084 


22-764 


0-046 


12 195 


IV. 


1453 


1018-0 


0-083 


24-119 


0-037 


10-752 


V. 


1667 


1017-7 


0-087 


27-265 


0-049 


16-856 


VI. 


1339 


1023-7 


0-110 


29-458 


0-071 


19-013 



The efifect of the purgative on the quantity of the urinary 
secretion is in accordance with the conclusions derived from my 
other experiments. The effect on the excretion of the urea is 
either nil or extremely small. The excretion of the chlorides is, 
ou the contrary, considerably modified, being distinctly less 
during the twenty-fours following the administration of the pur- 
gative. The partial disappearance of the chlorides is probably 
due to the purgative dejection carrying with it a portion of the 
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chlorides of the body, derived from the blood by meana of the 
intestinal secretion which the cathartic excites. 

The experiincnta of this series ore, as I have already said, 
fragmentary and not ntimetous enough to warrant delinite con- 
elusions, but they render it highly probable thnt a purgative dose 
of sulphate of soda or sulphate of magnesia acts as u diuretic as 
well as a cathartic, the diuretic effect being generally most evi- 
dent on the day following the administration of the purgative. 
The action of the salt on the composition of the urine, as tested 
by the estimation of the urea and the chlorides, is apparently of 
little moment. Finally, as regards the elimination of the salt 
itself in the urine, some facts o£ considerable interest have been 
elicited, which form a material addition to the results of pre- 
vious experiments (Series A). Whether the sulphate of soda 
exhibits the same inequality in the elimination of its acid and 
base, as the sulphate of magnesia does, I have not yet determined. 



CONCLUSION. 



It is now desirable that I place together in a readily intelli- 
gible form the more important results derived from the numerous 
e.xperiments which I have made for the purpose of ascertaining 
more precisely the nature of the action of a saline cathartic. 
This is the more necessary, as, so far, the results of each series of 
experiments have been mostly considered by themselves, and 
not in conjunction with those of the other series. 

In my first experiments, it will be remembered that I hoped 
to prove, and succeeded in proviug by the method employed, that 
the salt does not cause any increase of secretion within the 
alimentary canal, but hinilers the absorption of the fluids in 
which it is dissolved, being itself slowly diffusible and uniting 
with and retaining the water. That theory I was compelled to 
abandon after obtaining the results of the tliree aubsei:j_Hent 
series of experiments. The work upon which it was baaed is 



not, however, valueless, 

certain interesting analyses exhibiti 

in the urinary and ffecal excreti 

secretion which the purgative exci 

the blood is previously concentrated ; and, indeed, is so much 

diminished that in most cases purgation does not at all occur. 



ides being accompanied by 
the distribution of the salt 
s, it has shown that the 
diminished if 
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It therefore resls with mo to construct another theory whichl 
will meet the rcquirementa uf the results of all of the experi'l 
nienta and unite them into a harmonious whole. I shall, for the! 
sake of Eimplicity and lucidity, consider these results in rclatiooj 
to the following points and in the following order, supplementing T 
them, where necessai-y, by other experiments, 

A. The Effect of the Saline Cathartic on the Alimentary System. 1 

I. Does the salt provoke an increase of secretion within | 
the alimentary canal ? 
IL The source of the secretion : — 

1. Stomach. 

2. Liver. 

3. Pancreas. 

4. Small intestine. 

5. Lai'ge intestine. 

III. nie nature and characters of the secretion. 

IV. The mode of the production or excitation of the I 

secretion. 

V. The action of the salt on the peristaltic movements of the 
intestines. 

B. Tlic Effect of the Saline Cathartic on Other Purts uf iha 
Body than the Alimentary System. 

I. On the blood and circulation. 
II. On the urinary secretion. 



A. The Effect of tiie Saline Cathartio on the Alimen- 
tary System. 

I. Does the. Salt frovoke an iTusrease of Secretion ■within the 
Alimentary Canal t 

The experiments of Series B., C, and D. answer this most 
distinctly in the affirmative. Soma objections might be nrgefl 
against the method employed in Series B., but the methods of 
Series C. and IX are perfectly unimpeucbable ; and I claim by 
these to have completely and satisfactorily demonstrated for the 
first time that the salt does actually excite secretion. In the 
experiments of Series B., by using a certain proportion of a 1 
per cent, solution of sulphate of soda to a given length of 
intestine, it was found that a solution of this strength did not 
increase in bulk. The quantity of solution was, however, pro- 
bably smaller than what at any moment comes in contact with 
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the anme length of intCBtine during the action of a pargative 
do3e of the salt, admiiistered in the usual manner ; for, in Experi- 
ments LV, and LVII. (Series C.) and LTX. (Series V>.), a 5 per 
cent, solution appears to be that which neither increases nor 
diminishes in hnlli. But, apart from the increase of the fluids 
in the alimentary canal, I am sutisfied from the alteration in 
their characters and properties that even the weakest saline 
solution provokes secretion, although absorption, proceeding at 
an eciual or greater rate, may prevent any increase in the volume 
of the fluid within the canal, 

II, Tke Source of ihe Seo-etion. 

From what part of the alimentary canal is it derived? Is it 
from one or other, or a combination, of the various portions of the 
canal and its attached glands ; and, if from a combination of 
some or all of them, to what extent does each contribute? 

1. Stomach. — If this organ contains no food, the salt does not 
remain long within it, probably not over half an hour (Experi- 
ments LXII., LXIII., and LXIV.). During this short period a 
10 per cent, solution will scarcely increase in bulk (Experiments 
LXIX. and LXX.), while a 20 pep cent, solution may excite a fairly 
rapid secretion (Experiment LXII.). As the salt is not usually 
administered in a solution of greater strength than 10 per cent, 
we may conclude that the purgative extracts but very little fluid 
from the stomach, and that the secretion excited appears always 
to possess an alkaline character. 

2, Liver. — In ail the experiments of Series D. the secreted 
fluid was examined to ascertain if much bile was present, and 
the fulness or emptiness of the gall-bladder noted, Kuthertord^ 
has shown that the secretion of the bile is augmented during the 
action of sulphate of soda, but not during the action of sulphate 
of magnesia. In most of my experiments with the former salt 
there was hardly any visible staining of the intestinal fluid with 
bile, and the gall-bladder was almost invariably well filled; from 
which I infer that, whatever be the action of the absorbed salt 
on the secretion of bile by the liver, the discharge of the bile 
from the gall-bladder into the intestine is little or not at all 
accelerated by this salt. Even were the discharge increased, it 
could not add nmch to the total quantity of fluid within the 

' Rutherford, oji. eit, ]'. 67. 
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intestinea. For, according to Bidder and SchniiiiL,' tlie hourly! 
amount of biliary secretion iu a. cat, 3 kilogrammes in weight, 
does not exceed 1-8 c.c; and as in an hour the maximum of the 
general secretion excited by the purgative has been reached, the 
bile, eliowiDg for an increase in its discharge, could not contribute 
more than a very few cubic centimetres of the 40 to 80 c.c. 
observed to be poured into the intestine during the action of the 
salt solution (Experiments T.Y. and LXL). J 

3. Pancreas. — It is much more difficult to ascertain to whati 
extent this gland adds to the purgative secretion. The pan- 1 
creatic juice being without colour, its admixture with the purga- 
tive lluid cannot be so readily detected aa in the cnae of the bile. 
Its powerful digestive properties might give a clue to its presence, 
but as these in their nature are identical with some of the 
digestive properties of iutestinal juice, its presence cannot with 
certainty be proved, especially if in small quantity. If in large 
quantity, the difficulty is not so great, for its diastatic and J 
proteolytic powers are very much stronger than those of th&a 
intestinal juice. 1 have compared the diastatic power of the ' 
intestinal secretion obtained by the action of the salt within a 
washed out ligatured loop — and which was, therefore, uncontam- 
inated with pancreatic juice — with the fluid found in the intes- 
tines after the action of the salt administered per os. Five cubiofl 
centimetres of the former (Experiment XLIX.) produced 0'4a9>« 
gramme of sugar from a 1 per cent, solution of starch, whilef 
the same quantity of the latter (Experiment LXI.) producedl 
0'662 gramme. Moreover, 5 c.c. of the blood of the cat used inj 
the latter experiment contained sufficient ferment to form 0'411b 
,!^ramme of sugar from a starch solution. We therefore infei 
that a saline purgative scarcely, if at all, stimulates the outQoif 
of the pancreatic juice. For, had the fluid ot the intestine in ' 
Kxperiment LXL contained much of this juice, the diastatic power 
of the fluid would have been very much greater than that repre- 
sented by the quantity of augar obtained from the starch digested. 
The digestion in each case was contiimed for forty-eight hours. 
Kroeger^ found that 1 c,c. of pure pancreatic juice could in the 
course of half an hour convert 4'67 grammes of starch into^ 

' Bidder a. Si'limiilt, Die Ferdatmiigsaafle, &c., Lei[ra);, 1862, S. 

' KroL'ger, Ilerinunns UtUiwA. il. eii^sii/hyie, IJiJ. v. Tli. 1, Maly, 8. 196. 
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sugar, and Eoberts, in his Lechvres on the Digestive Ferments, 
assigns to the juice an almost incredibly high diastatin power^ ; 
and there is no reason to believe that the secretion in the cat is 
not aa active aa that obtained from other animals. We accord- 
ingly conclude that the pancreatic juice shares but very slightly 
in the increase of the putative fluid within the alimentary canal, 
as its presence even in very small quantity would impart a high 
diastatic power to the purgative secretion. It is but right to 
mention that Barbier^ quotes Gondrin as stating that he had 
experimentally determined that the pancreatic secretion ia 
excited during the action of a purgative. The name of the 
purgative is not however given, 

I might make use of the same form of argument as I have 
done in the case of the bile to prove that, even were the 
pancreatic secretion stimulated, the quantity poured out in the 
course of an hour would be perfectly insignificant compared 
with the observed increase of the purgative fluid within the 
intestines during that time. The pancreas of tiie dog during 
digestion secretes O'l c.c. of juice for each kilogramme of the 
animal's weight^ ; and if the rate of secretion be similar in the 
cat, about 0'3 c.c. would be poured out in a cat weighing 3 
kilogrammes, and, allowing this to be doubled or even trebled 
by the action of the purgative, it is evident that the pancreas 
conld not add more than 1 or 2 c.c. to the intestinal contents in 
the course of an hour. 

4. Small Intestines. — This viscus appears to be the main source 
of the fluid. Its capability of furnishing a copious secretion 
under the action of the salt, many of ray direct experiments on 
the intestines (Series E. and Experiment LXXI.) indubitably 
prove. It is probable that this secretion ia rapidly poured out 
and that it very quickly passes onwards with the salt to the 
colon, particularly if the intestine be tolerably free from food 
(Series D., especially Experiment LXIII.). That the characters of 
the fliiid point to its being derived from the intestine, has already 
received confirmation in the discussion of the almost passive 
part which the stomach, liver, and pancreas play in its produc- 



' Rarbier, Traiti! dc matHre mWeak. 1830, tom. 
^ Bidder a. Schmidt, op. ciC, 
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tion, and will be further supported when we pasa to the actiml 
consideration of these characters. 

5, Larqc Iiitesline. — It ia somewhat difficult to determine with 
accuracy how much of the l^uid ia cuutributed by the laige 
intestine in a case of ordinary puliation. For, by the time that 
the suit hna reached the colon, it has become bo diluted by the 
secretion of the small intestine as no longer to possess its 
previously active ex-cito-secretory power. But that the large 
intestine is capable of furnishing a fair amount of secretion, if 
sufficiently stimulated by a tolerably concentrated solution of 
the salt, is supported by several of the experiments of Series B. 
It ia possible, indeed highly probable, tliat, even when the salt 
reaches the colon in n diluted condition, and when the fluid 
undergoes no increase vrithin that viacus, there is effected, by an 
equality of absorption and secretion, a considerable admixture of 
colic secretion with the purgative fluid. 

The general conclusion, therefore, as to the source of the 
purgative fluid, is that it is mainly derived from the intestines, 
and particularly from the small intestine; the stomach, liver. 
and pancreas supplying under ordinary conditions very little or 
practically none of tlie fluid. 

III. The Nature and Gkarncf.ers of the Secretion. 

If it is granted that the secretion excited by the presence o( 
the salt is derived almost entirely from the mucous membrane 
of the small intestine, it still remains to be decided what is the 
nature of the secretion. Among those who ailmit that tlie 
purgative does excite secretion there is much difference of 
opinion as to this, some maintaining that it is a true succua 
entericus, others that it is an exudation, and others that it is a 
transudation. Before proceeding to determine to which of these 
forms of secretion the purgative fluid is by its characters most 
closely allied, it will be well to briefly define what we under- 
stand by each of these varieties of secretion. 

An exudation ia a fluid winch is poured out by the vessels of 
a tissue in a state of inflammation produced by irritation or 
otherwise. Of all the fluids met with in the body and outside the 
blood and lymph vessels, it is that which most approaches in 
composition the blood-serum ; and, like the serum, it contains 
a large amount of organic matter, particularly of coagulable 
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r albumen, and it abounds also in leucocytes. Further, the 
iudamed condition of the tissue producing the exudation is 
generally evidenced by the unusual distension o£ its blood- 
vessels, and consequent i-edness. 
The term tranaiidation is often indifferently applied to an 
inflammatory or a dropsical effusion. Here, however^ we ehall 
use it in its stricter sense, and apply it only to a fluid possessing 

I a dropsical character, which may be, and most commonly is, 
secreted independent of any inflammation of the organ or tissue 
from which it proceeds, and is generally the result of changes in 
the pressiire or composition of the blood. 
The transudation resembles the exudation r[UEditatively in its 
composition, but contains much less oi^uic matter. Both fluids 
yield a very distinct coagiilum of albumen when heated, 
especially the exudation. Apart from the circumstances which 
occasion their production, and which are often difficnlt to deter- 

I mine, the exudation and the transudation arc mainly to be 
distinguished from each other by the difference in the quantity 
of organic matter they contain. And it is relying upon this 
difference, and on the presence or absence of inflammation of the 
intestinal mucous membrane, that certain previous observers 
have regarded the purgative secretion as being of the nature 
of an exudation or of a transudation. 
The BU ecus entericus, or intestinal jnice, is a secretion whose 
characters are very imperfectly known. This arises from the 
great difficulty experienced in obtaining it pure and in sufficient 
quantity to permit of its analysis. Thiry gives an analysis ^ of 
some juice obtained by prolonged mechanical stimulation of an 
intestinal fistula, made by an operation which I have already 
described f but as the fistula behaved towards purgative salts in 
a manner contrary to what we now know to be natural, we may 

I conclude that the secretion thus obtained weis as much an 
exudation from irritation as a true intestinal juice, and its 
chemical composition supports this view. Moreau procured a 
copious aecretiou from a loop of the intestines after complete 
division of its mesenteric nerves, and notwithstanding Vulpian's 
objections, it is probable from various reasons, some of which I 



' Hopiie-Seylt;r'a PhyHoIii'jinthi: Chen 
- Supra, ]i, 8. 
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have already given, that this secretion is a true siiccua eutericus, ^ 
and not a mere exudation or transudation. This opinion has 
^nite recently received support in a paper on intestinal 
digestion by Dr. Meade Smith,^ Dr. Smith, by establishing 
permanent fistula in the lower part of the duodenum of a do 
and inserting into it an ordinary Bernard gastric cannula, and 
by occluding the intestine a few inches above and below the 
fistula by means of two distended india-rubber balls, has, after 
washing out the portion of gut between the balls, obtained aa 
much as 20 to 40 c.c, of secretion from 1 2 inches of intestine, and 
that without the application of stimulation. The secretion thus 
obtained possesses almost exactly the same composition as that 
of Moreau. The most remarkable feature of intestinal secretion 
is that it contains a very small quantity of organic matter — 
in Moreau's secretion, 0-39 per cent., and in Smith's secretion, 
0-.54 per cent. We may, therefore, with tolerable safety con- 
clude, in spite of the obaervations of Thiry and others, that a 
very small percentage of organic matter is a constant character 
of intestinal juice. It is upon this distinction that 1 shall mainly I 
rely for the determination of the nature of the purgative secretion. 

Certain other characters have been ascribed to intestinal juice, 
which ought to help us to distinguish it from an exudation or a I 
transudation. It is said to be able to digest starch, invert sugar 
emulsify fat and peptonise albumen. Much variety of opinion I 
however, exists as to its having any or all of these properties. I 
I shall immediately consider to what extent these properties are 1 
possessed by the purgative fluid. 

With tlie object of facilitating the comparison of the purgative 
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secretion with the exudation, transudation, and intestinal juice^ 
I have thought it desirable to give a precise statement of thai 

' Supra, pp. G and 8. 

' MaiidD Smith, Mtdiral News, Philad., April 16, 1882, 

' Hoppe-Sejlar's Pkymlogische Chmnie, S. 610. 
'Ibid; S. 603. « /fiirf., 8. 272. 



THE ACTION OF SALINE CATHAETICS. 



173 



percentage of solids in the latter, especially of the organio 
matter, which couaists mainly of albumen. 

An acute exudation hardly differs in composition from blood- 
Berum, and varies extremely little with the locality of the body 
in which it occurs. It is otherwise with the transudation, as the 
quantity of its organic matter depends largely on the situation of 
the transudation, being aometimes a little less, but generally 
much greater, than that contained in a peritoneal transudation, 
which, in the absence of any analysis of a transudation from a 
mucous membrane, I have selected partly from its proximity to 
the intestines, and partly from its representing the class of 
transudates with a small percentage of organic matter, as 
offeiiiig the only possible standard of comparison for the pur- 
gative secretion. 

If B comparison be now instituted between these various 
secretions and the purgative fluid, it will be found that the 
latter most nearly agrees in composition with the intestinal 
juice of Moreau or Smith. For, although I very frequently 
examined it for albumen, I never found more than the merest 
trace (E. Series of Expeiiments), as indicated by a faint 
opalescence on acidification and heating, or by tlie application of 
other tests for albumen. I regret that it has been impossible to 
procure exact quantitative analyses of the purgative secretion, 
as the presence of the purgative salt and of epithelial debris from 
the intestinal mucous membrane interfered with an accurate 

I determination of the organic and inorganic solids. The quantity 
of the salt was very large in proportion to the solids of the secre- 
tion, and after the evaporation of the fluid it was impossible to 
be certain that the sulphate of soda, tlie salt generally employed, 
and which contains a large quantity of water of crystallisation, 
was present in its usual form, and not to any extent decomposed, 
or crystallised with less water. For, from the weight of this 
residue and of ita ash after burning, and from the estimation of 
the sulphate of soda present, had to be determined the amount 
of organic matter. Notwithstanding these ditficulties, t did on 
one occasion attempt a quantitative analysis of the fluid obtained 
from the action of 10 c.c. of a 20 per cent, solution of the salt in 
B previously well-washed loop of the small intestine, 60 cm. in 
length. The cat was killed after three hours, and the fluid 
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measured 89 c.c. The fluid waa filtered to remove from it as 
well as possible the epithelial dijbris, and was then evaporated 
to dryness, the residue weighing 3'225 grammes. The weight of 
the crystaliine sulphate of soda recovered was 1-562 grammes, 
which, after deduction from the total residue, leaves 1'663 
grammes, or the amount of solids present in the purgative 
secretion. Of these solids O'SIO gramme was inorganic, and 
and 0'853 organic. The percentage, therefore, of oiganic matter, 
although higher than that of the succus entericus, was not nearly 
so great as that of an exudation, and was considerably less than 
that of a transudation. A portion of the organic matter waa . 
doubtless composed of the finer epithelial df^bris which might 
readily have passed through the filter. 

As the percentage of inorganic matter in the exudation, 
transudation and enteric juice is practically the same for all, 
its percentage in the putative fiuid can affoni no help in , 
determining the nature of the fluid. Apart from such an object, 
it is remarkable, however, that the purgative dejections con- 
tained a large propoition of ash, as is apparent from the analyses 
accompanying the experiments of Series A. and some of Series D. 
(LIX. and LXVI.); and the larger the interval between the 
administration of the salt and the occurrence of puigation the J 
greater appears to be the percentage of ash (Experimenfc 1 
XXni, and p. 39). 

The large quantity of inorganic matter is probably not due 1 
to the secretion, as it is poured out from the intestinal mucous j 
membrane, containing a larger percentage of salts than the blood, J 
but to the condensation, so to speak, oC the secreted fluid in the I 
lower part of the intestines by the absorption of its water at a I 
greater rate than of its dissolved salts, in the manner I have I 
already explained in connection with the retiim of the acid o( I 
the purgative salt to the alimentary canal. Whatever be the I 
exact nature of the phenomena involved, we are not warranted in I 
assuming that the poured-out secretion is excessively rich in 1 
saline matter, for no secretion contains a larger percentage of I 
salts than the blood from which it is primarily derived. The I 
urine is an exception, hat the structural conditions of thftl 
secreting organ account for its occupying an anomaloutj 
position 
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Besides the small ftmount of albumen or organic matter iu 
the purgative secretion, -which has been as yet the principal 
reason advanced for regarding the secretion as coneisting of 
intestinal juice, there is also the presence, frequently in lai^e 
quantity, of mucus, a substance which one would be more likely 
to find in a physiological secretion than in an inflammatory 
exudation. I have more than once in the course of this com- 
munication insiBted upon this fact as testifying to the true 
secretory character of the purgative fluid. I do not, however, 
wish to present this point strongly, as I believe that the mucus 
forms no essential part of the secretion from the Lieberkiihnian 
follicles, but is produced, in all probability, most largely from 
the superficial epthelium of the mucous membrane. Moreau'e 
secretion possessed extremely little viscosity. 

Another most important fact, and one which strongly weighs 
against the exudative character of the fluid, is the absence of 
any trace of inflammation in the intestinal mucous membrane. 
Many previous obaerverfl, particularly Vulpian, have maintained 
that the salt excites iullammation of the intestinal mucous 
membrane. But this result they obtained from the injection of 
a saturated solution of the cathartic into an intestinal loop, an 
experiment which does not represent what naturally occurs 
when the purgative is administered per os. Weaker solutions, 
even a 20 per cent, solution, as my numerous experiments 
almost without exception prove, never cause the sUghtest 
visible redness or inflammation of the intestine. 

The microscopical characters of the purgative fluid do not 
help us much in deciding as to its nature. The fluid usually 
contained a number of colourless corpuscles, and in some 
instances they were tolerably abundant, especially in the 
mucous deposit If these are to be regarded as leucocytes or 
lymph-corpuscles, their presence is indicative of the inflammatory 
character of the fluid But more probably they are mucous 
corpuscles; and it may be that they are formed from the 
protoplasmic contents of the epithehal cells of the villi, which 
I have generally observed, by microscopical examination, to 
become goblet-shaped and partially empty after the action of 
the salt. 

I now proceed to consider what evidence there ia of the 
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purgative secretion being a true auccua entericus from i 
examination of its digestive properties. This is a matter of 
some difficulty for the phaimacologist, as the physiologist has 
not as yet precisely defined the extent and even the nature of 
these properties. The more recent investigators assign to it the 
power of converting starch into augar, cane-sugar into grape- 
sugar, and, doubtfully, albumen into peptones, and fat into fatty 
acids and glycerine; but none of them haa attempted to Hx 
the limit of these powers, a point most essential in ascertaining 
whether or not the purgative secretion consists entirely of intes- 
tinal jnice or is a mixture of the juice with a lai^e proportion 
of exudation or transudation. In both cases the Huid would 
digest starch and sugar, but iji the former more powerfully than 
in the latter. As it is difficult to conceive of even a purely 
inHammatory exudation from a secreting membrane being 
unmixed to some extent with the natural secretion of the 
membrane, a mere qualitative proof of the digestive power of 
the fluid is of no value ; it is necessary also to know the limit 
of this power. In order, therefore, to provide myself with some 
data of the absolute strength, as well as of the exact nature of 
tho digestive action of the normal intestinal juice, I made 
infusions of well-washed intestinal mucous membrane, since it 
was difficult to obtain the juice itself by ordinary stimulation of 
the living intestine. Infu.^ions of secreting organs, if not made 
too dilute, are well known to be often quite as active aa the 
usual secretion of the organ. I also prepared infusions of other 
tissues and organs of the body, and compared their activity with 
that of the intestine. Several extensive experiments of this 
kind were made. The tissue or organ was removed from a ! 
fasting animal iinmedia,tcly after being bled to death ; it was 
at once weighed and cut up into minute pieces, and infused for 
twenty-four hours in four times its weight of a 1 per cent. . 
solution of chloride of sodium. Five cc. of the infusion were 
mixed with 10 cc of a 1 per cent, solution of starch, and 
another 5 cc. with 10 cc. of a 1 per cent solution of cane- 
sugar, all of which were previonsly ascertained to contain no 
glucose. The mixed fluids were placed in an oven at a tempera- 
ture of 35-40" C, and the first apperauce of glucose was ascer- 
tained by repeated testing with fehling's Bolutioa To ensure J 
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accuracy many little precautions were necessary which it is 
needless to detail. Sometimes 5 c.c. of the infusion were mixed 
with 100 C.C. of a 1 per cent, or with 50 c.c. of a 2 per 
cent solution of starch or cane-sugar, and allowed to digest for 
forty-eight hours, when the amount of digested starch or sugar 
was quantitatively determined. The animals used were the cat, 
dog, and rabbit I shall confine myself for the present to a 
statement of the results of my experiments with the first of 
these. 



Tissue or Organ 
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3 




0-035 
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From these and other experiments I have concluded that the 
only ferment peculiar to the small intestine is the cane-sugar 
ferment or the " ferment inversif " of Bernard, and that the 
intestines do not contain more of the diastatic ferment than is 
to be found in the tissues and fluids of the body generally. The 
apparent greater activity which the duodenum exhibits is due to 

^ Five c.c. of infusion mixed with 10 c.c. of 1 per cent, solution of starch. 

2 Five c.c. of infusion mixed with 10 c.c. of 1 per cent, solution of cane- 
sugar. 

3 Five C.C. of infusion mixed with 50 c.c. of 1 per cent, solution of starch, 
allowed to digest for forty-eight hours. 

* Gave no blue colour with iodine. 

^ The serum was, previous to measuring the 5 c.c, diluted with loui* times its 
bulk of water. 
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the presence of a small quantity of pancreatic secretion which ' 
has soaked into the mucous memhrane, and which the washing 
hEs failed to remove. If the intestinal juice contain more 
diastntic ferment than these experiments indicate, it must be 
formed in the glands at the moment of its secretion, and cannot 
1)6 stored up to any extent as are the ferments of the pancreatic, 1 
fialivary, and gastric glands. But I do not believe that the 
intestinal glands are exceptional in this respect. The intestinal 
juice, therefore, is probably not richer than serum in the starch- 
digesting ferment The presence, accordingly, of tliis ferment in 
the purgative aecretion is no proof oi the fluid being the intestinal J 
juice and not an exudation or transudation. 

Although it would thus appear that an examination of the | 
digestive powers of the purgative secretion, particularly of its I 
diaatatic action, will help but little to decide what the nature of 1 
the secretion is, yet it will not be altogether uninteresting to I 
consider the results of such an ex:amiBation. I have tested the | 
digestive powers of a very lai^e number of the purgative secre- 
tions. Only those results are of value where the intestine, 
previous to injecting the salt, has been well washed out, so as to 
remove every trace of t!ie pancreatic and other secretions. This, 
however, it is difficult to accomplish thoroughly, as prolonged or « 
vigorous washing is apt to injure the mucous lining of the living I 
intestine. It is- to be expected, therefore, that the diastatio^ 
action of the purgative secretion vrill have its power increased 
by the presence of a trace of pancreatic juice, and that the 
Buccus entericus poured out as a conseijuence of the stimulation 
of the cathartic, will appear to possess a more powerful diaatatic 
action than the two last experiments might lead us to anticipate. 
And that this is so the subjoined experiments prove. The pro- 
portion of the inversive ferment present is, however, much the 
same as it was in the infusion of the normal mucous membrane. 

The fluids (4) and (5) were both obtained from different loops 
of the small intestine of the same cat, the former after the action 
of a 20 per cent, solution of sulphate of soda, the latter after aa 
cfjually strong solution of chloride of sodium. The mucous 
membrane of the chloride of sodium loop was much inllamed,., 
and the fluid contained a considerable quantity of albumen. I 
Fluid (6) was obtained by the iujcction of a 20 per cent V 
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solution of phosphate of soda, and (7) by the injection of a. 20 
per cent, solution of eulphate of magnesia. In the first Uiree 
expetinienta sulphate of soda was employed, and, in all, the 
method of the application of the salt was that of Colin and 
Moreau, 
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The secretion provoked within the small intestine by the 
presence of a saline purgative, contains, therefore, very little of 
either the amylolytic or the inversive ferment, but probably as 
much of each as the true intestinal juice would appear to possess, 
if the digestive powers of a strong infusion of the intestinal 
mucous membrane may be regarded as fairly representing the 
digestive activity of the juice itself, 

While the comparison I Lave instituted between the digestive 
powers of the purgative secretion and those of the intestinal 
juice offers little or no positive evidence of the former consisting 
of the latter, yet it presents no objection to the acceptance of 
this opinion. It is to be remarked that blood-serum contains as 
much diastatic ferment as the intestinal mucous membrane, 
and it is probable that an inflammatory exudation will contain 
as much of the ferment as the serum, from which it is so imme- 
diately derived. Accoi'dingly, it must be conceded in support of 
Vulpian's view, that, were the purgative secretion an exudation 
' Five E.G. of purgative Guid mixed with 10 o.c. of I percent, aolntion of Btm 
• Five c.c of pnrgativa fluid mixed with 100 c.c. of 1 porcotit. solotion of Rtai 
' Fivaa.c. of purgative Huid miiod with 10 c.c. of 1 per ceut. nolution of ca 

' Five c.c. of imrgiitive fluid mixed with 100 c.c. of I jki' cent, solution of 

cane-augur. 
" Deep Uue with iodine at end of fortj-eight houra, 
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instead of true intestinal juice, its diastatic power would be as 
higli as it was actually fouod to be. 

In the protocols of some of the experiments of Series B. and j 
of Series D., there exist some estimations of the fat- and albumen- 
digesting powers of the purgative fluid, which show that these | 
powers are scarcely, if at all, possessed by the fluid; neither have 
they been ascribed to the succus eutericus, or, if so, only to a 
very limited extent. Indeed, it is highly probable that the ' 
succus entericuB is a secretion which, physiologically, is of most 
service as a solvent and diluent of the food that has already 
been digested by the action of the gastric, pancreatic, and bJHary 
ferments, and that its digestive function is of the smallest 
importance, unless for the conversion of cane into grape sugar, 
the ferment for effecting this change existing nowhere else in . 
the body. | 

Taking into consideration the various characters, chemical, 
microscopical, and digestive, of the purgative secretion, which I 
have given in detail, and remembering that the intestinal 
mucous membrane presents no trace of inflammation from the 
action of the salt, the conclusion which I have arrived at is that 
the secretion is mainly obtained from the follicular glands of the 
intestines, and is, therefore, for the most part a true intestinal 
juica It contains too little albumen, and there is no evidence I 
of inflammation to constitute it an exudation. And it can 1 
hardly he regarded as a transudation, even were its characters 
not other than those which an intestinal transudate might 
possess ; for the conditions which occasion a transudation in the 
body are always associated with a decided alteration of the com- 
position or pressure of the blood, which alteration cannot be I 
proved to occur after the administration of a saline cathartic, I 
to the extent of causing a rapid localised intestinal transoda-J 
tion. 

IV. The Mode of tlie Production or Mxdtatwn of th*^ 
Secretion. 

This depends considerably on what the nature of the secretion -J 
is admitted to be. If it he an inflanmaatory exudation, 
Vulpiim seems inclined to hold, then it is produced by J 
the salt irritating and dilating the superficial vessels of the I 
intestinal mucous membrane, causing a stasis of the blood-J 
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current, iind an outpouring of serum. This would equally 
well happen were the salt applied to a mucoua membrane 
devoid of special glands. But I have just stated my reasons 
for believing that such an inflammatory irritation does not 
occur. 

If, as Schmidt and a few others have suggested, the fluid be a 
transudation, we must suppose that the salt aft'ecta the composi- 
tion or pressure of the blood ao as to allow of a modifled serum 
being transuded through the walls of the blood-vessels of the 
intestinal mucous membrane. Such an alteration of the blood 
I have already said does not occur. And, were the transudation 
the result of the action of the salt on the blood, we would 
expect purgation to he the most active after the direct injection 
of the salt into tlie blood, whereas the experiments of Series E. 
have distinctly proved that the salt possesses no cathartic action 
whatever when so injected. But althongh the purgative secretion 
cannot therefore be a transudation resulting from the action of 
the salt on the blood, it may be aiged that it is a transudation 
proceeding from the salt effecting certain peculiar changes in 
the vessels and epithelial covering of the intestinal mucous 
membrane. It is very diflicnlt, however, to conceive of such 
changes, and there is no proof whatever of their occurrence. 
There is yet another possible method by which the purgative 
secretion may be a transudation, and which does not necessarily 
involve any alteration of the structure or function of the 
intestinal lining. I refer to osmosis, the probability of whose 
occurrence was first maintained by Liebig and Poiseuille, and 
afterwards by Fuuke, Heidenhain, and others. These observers 
evidently supposed that, with the vessel wall and the intestinal 
epithelium and the intervening tissue, all acting as a septum, the 
osmotic power of the salt could come into play and abstract from 
the blood a fluid or secretion having the characters of 
transudate. It is, however, highly improbable that such a 
septum as this, formed of living tissues, can behave towards 
saline solutions in the same manner as a septum of parchment 
or dried bladder. At any rate, I have been able to prove to my 
satisfaction that tlie purgative secretion is not the result of the 
endosmotic action of the salt. What this proof cousists of, I 
shall come to immediately. In the meantime, holding it as 
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establialicd that the purgative aecretion is neitlier an exudation 
nor a transudatioD, liut consists of inteetinal jnice, I sbatl 
endeavour to elucidate how the stimulatiou of the Liberkiibniaa 
glands is effected by the salt. 

The salt may excite the activity of the secreting cells of the 
follicular glands of the inteatines, either by coming directly into 
contact with the cells, or by acting on them reftexly through the 
agency of the intra-intestinal nerves. Owing to the cells being 
deeply situated within the gland, and removed from contact 
with the contents of the intestine, it is not likely that the salt 
acts directly on the eella. Even were it supposed that the salt 
could diffuse into the cavity of the gland and thus reach the 
cells, it could hardly reach the cells more readily than if it had 
been injected into the blood. Tor, dissolved in the blood, it 
would, by means of the blood-vessels of the intoatinal mucosa, ha 
brought into the closest proximity to the glandular cells. Yet, 
as I have frequeutly had occasion to mention, the salt, although 
injected into the blood in large quantity, does not excite a drop 
uf intestinal secretion. As little, therefore, may the salt 
Btimidate the secreting cells when it reaches them, and neces- 
sarily in a state of dilution, by direct diffusion from the lumen 
of the intestine. A saline cathartic evidently poasesaes no 
Bpecialexcito-secretory power over the glands of the intestine, such 
as is well known to be possessed by many other substances, as 
piloearpin, the salts of arsenic, antimony, mercury, iron, tin, Ac, 
all of which excite intestinal secretion even when injected into 
the blood. The saline cathartic, therefore, would appear to 
stimulate the glands reflexly, by producing a certain impression 
on the sensory nerves terminating in the surface of the mucous 
membrane of the intestine, which impression, conveyed, probably 
through Meissnet's plexus, to the secretory cells of the gland, 
excites tbem to action ; just as certain sapid and other substancei 
can stimulate the salivary glands when brought into contact with: 
the mucous membrane of the mouth- 
Besides direct or indirect excitation of the glands, there if 
yet another way iit which it is possible foi the salt to abstract 
secretion from the glands. I once more allude to osmosis. This 
implies that the salt penetrates the cavity of the gland and 
establishes osmotic rektious with the contents of the secreting 
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r cells, which, as they part with theii fltiid to the salt, have their 
fluidity restored by an absorption of liquid from the blood. 
I have already expressed the opinion that the salt does not 
penetrate freely into the cavity of the gland, and certainly not 
in a state of concentration sufficient to oxeit an appreciable 
osmotic effect on the secretory cells. 
If, then, it be maintained that the secretion excited by the salt 
is for the most part intestinal juice, and that the outpouring of 
the juice ia the consequence of a reflex stimulation of the glands 
by the salt applied to the surface of the mucous membrane, it 

I behoves us in the next place to inquire what are the properties 
possessed by cathartic salts which enable them thus to act, and 
otherwise to cause purgation. 
The group of the saline cathartics consists, as is well known, 
of certain of the compounds of the alkalies and alkaline earths 
(usually potash, soda, and magnesia), with mineral and organic 
acids devoid of intrinsic poisonous action, as sulphuric, 
phosphoric, tartaric, and citric acids. Indeed, it may be broadly 
stated that any saline compound, whose acid or base does not 
posseaa a strongly specific action, will, if the dose be large 
enough, produce purgation. But, although the number of 
possible saline cathartics is thus large, and might include amongst 
others the alkaline chlorides, nitrates, and acetates, yet the 
application of the name aahne cathartic is restricted in ordinary 
usage to ft few salts, which by experience have been found to 
pui^e in a moderate doae and unattended by any disagreeable 
manifestation of the specific action of the metal or acid of the salt. 
These salts are the sulphate of soda, sulphate of magnesia, 
sulphate of potash, phosphate of soda, tartrate and bitartrate of 
potash, tartrate of soda and potash, citrate of potash, citrate of 

I soda, and citrate of m^nesia, the last three being more rarely 
employed than the others. In virtue of what particular proper- 
ties, it may he asked, have these salts been found to be more 
serviceable cathartics than other similar salts without specific 
action, as, for example, the chloride of sodium and the acetate 
of potash ? It is certainly not on account of any difference in 
their solubility as compared with other simple salines. Nor can 
it be entirely due to their being more irritant than other sfilts 
towards living tissues, and, therefore, towards the iutestiuiil 




mucous membrane. Tliia is an important point, for it the sup- 
position as to the purgative secretion being an inHauunatory 
exudation and the reault of irritation were correct, the more 
irritant salt would be the better purgative. Yet chloride of 
Bodiani, although a weaker purgative than sulphate of soda or 
sulphate of magnesia, is a much stronger irritant. I have more 
than once injected a solution of chloride of sodium into the loop 
of a cat's iDteetine, atid observed that it invariably caused con- 
siderable reddening and inflammation of the mucous membrane 
of the loop, and that a lai^e amount of albumen was present in 
the secretion ; whereas a solution of an ordinary purgative salt of 
the same, or even twice the same, strength caused no redness 
whatever. The irritant character of the purgative salts cannot, 
therefore, at any rate wholly account for their peculiar action. 

I am strongly inclined to believe that the particular character ol 
a saline cathartic, which enables it so much more powerfully than 
non-purgative salts to produce such an impression on the intes- 
tinal mucosa as to refiexly excite the Lieberkiihnian gland, is its 
bitterness. It is remarkable that all the most powerful saline 
cathartics have a well-marked bitter taste. The most active of 
all of them is probably sulphate of magnesia, and it is the most 
bitter. It is a common statement in alt text-books on materia 
medica that this salt is not so bitter as sulphate of soda. This 
is a decided error, for I have made solutions of equal strength of 
both salts, and have tasted them and asked several of my friends 
to taste them, and the verdict has invariably been, that the 
magnesia salt is distinctly more bitter than the soda salt The 
sulphate of potash and the neutral alkaline tartrates and double 
tartrates have all an undoubtedly bitter taste. The iihosphate 
of soda is the only one of the more prominent saline cathartics 
which forms an exception, and it is well known that it is con- 
siderably less powerful than the others. None of the other 
simple alknline salts which have not been found to act as 
efficient purgatives are hitter, as the chlorides, the acetates, and 
the nitrates. It is generally believed that other secretions of the 
alimentary canal are strongly excited by bitter substances, and 
why not also the succus entericus ? A bitter substance in the 
mouth certainly stimulates the salivary flow more strongly that 
a purely irritant substance ; and therapeutists avail themselves 
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every day of the commonly accepted opinion that bitters 
increase the gastrio secretion. The bitterness, therefore, of a 
saline cathartic is probably one important factor in its action. 
But it cannot be the sole factor, whose possession distinguishes a 
purgative from a non-purgative salt ; for why does such a salt as 
phosphate of soda, which is practically devoid of bitterness, act 
at all as a cathartic ? It is not that this salt is more irritant than 
the others. It is probably less irritant This salt would there- 
fore seem to own some other property which I'eiiders it purga- 
tive. That property has hitherto been believed to be the high 
endosmotie power of the salt. And there are many who ascribe 
the action, iu part or entirely, of all saline cathartics to their 
strong endosmotie action. I have already expressed myself as 
opposed to this view of the mode of the purgative action of the 
salt, but as I have not as yet given all my reasons for doing so 
I shall now state them. 

In the first place, were the purgative action of the salt entirely 
or mainly dependent on its endosmotie power, the salt with the 
highest eudosmotic er[uivalent would he the best purgative, 
Aubert and Euchheim, to whose experiments I have already 
referred,^ have clearly proved that this is not the case. The 
endosmotie equivalent of certain salts, or the quantity of water 
which the salt solution gains for everj' one part of the salt which 
it loses when separated from water by a parchment or other 
septum, was found by Aubert to be as follows : ^ — 
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phosphate of Sodii, . 
Solpbnte of Sod^, 
Snlphate of Potaab, . 
KochellB Salt, 
Sulphate of MugaoBW, 
Acetate of Potash, . 
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26 
11 
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If these equivalents be multiplied by the purgative dose of each 
salt the resulting numbers ought to be nearly equal, if the view 
be correct that the cathartic activity of the salt depends on its 



^ S«pro, p, 8. 



= Aubert, op. e 
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esdosmolic power. Aabert has funnalied as with such a cal- 



culation :- 



Phosplute of Soda, 

BodMlkSdl. . 

Aettate cl PMmh, 
Snlphftte of Mtfnoia, 
CSUonds of Sodinm, 



I do not quite Bgiee witli Aabert ia the dose he haa assigned 
to each BEdt. But erec were the dose modified, it would cot 
impair the general conclusioo, which cumot fail to be drawn 
from these experiments, that the endosmotic power of a salt is 
no measure of its cathartic activity, and that, therefore, endos- 
mosis can at most play ooly a sabaidiaiy part in promoting the 
outflow of the purgative secretion. Sulphate of m^neaia, the 
most energetic of all the saline puiges, has a very low endos- 
motic equivalent. 

Another reason for distrusting the endoemotic theory is to be 
found iu the B. Series of experiments of this investigation. 
Attention was there drawn to the fact that, when a 20 per 
cent, solution of sulphate of soda was injected, much more duid 
was secreted, and yet much less salt absorbed, than when a 10 
per cent, solution was used. According to the present theory 
the more fluid there was secreted the more salt there ought to 
be absorbed. The experiments of Series D. are also strongl 
opposed to this theory. 

My final reason for discrediting the endosmotic theory ia 
based upon an experiment which I made to determine the 
pressure at which the purgative secretion was poured out into 
the intestine. 



ExperiTHent CXXIL — Cat, male, weighing 3 '14 kilogrammes, wag' 
anffiathetised, and its small intestine was exposed by a mesial 
abdominal incision in the usual mannor. A loop was formed on 
the intestine by two ligatures about 15 cm. apart, and there was 
injected into the loop as much of a 20 per cent, solution of sulphate 
of soda as salliced to gently distend it. Into the end of the loop was 
then inserted the end of a tube filled with the same solution ani"' 
communicating with a mercurial manometer. Care was taken that nOj 
fluid escaped at the junction of tlie tube with the inteetlQe, oi at 
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[other part of the loop or the apparatus. Tho Htimulation of the diatension 
at £iat caused conEiileruble uoatractiooa of the loop, but thuse after ten 
miautea cease to occur, and the actual pressure occasioned by the 
secretion coaldthen be read off. It varied from 21 '0 mm. to23'5 mm. 
of mercury, and although the expeiiment was continued for mora 
than an hour, the presaure was never observed to rise beyond the 
higher of these readings. It may be interesting, for the Bake of 
comparison, to mention that the pressure at which the bile and 
pancreatic juice are secreted is from 15 to 17 mm.^ 
I next took a piece of the dried intestine of a cat and filled it with 
the same solution of sidphate of soda, and connected its interior with 
a mercurial manometer, and dipped it into a ^ per cent, solution of 
common salt, as reprossnting tho serum of the blood. The pressure of 
the solution within the intestine rapidly mw to Ifi.'j mm., at which 
pressure the intestine hurst. 
This experiment, I venture to think, proves very conclusively 
that the purgative secretion is not the result of the endosmotic 
action of the salt. Por, if it were, how comes it that the 
pressure of the secretion is so low, and coiresponds so closely to 
the pressure under which other secretions, as the bile and 
pancreatic juice, are naturally secreted ? 

■ If, then, the endosmotic power of a saline cathartic is not a 
factor in the production of its action, what quality is it of the 
Bait (to return to the question raised) which enables certain of 
the saline cathartics, although possessed of no bitterness, as 
phosphate of soda, to act as purgatives ? I believe it to be a 
quality of the salt which, although often existing in the most 
marked degree in those salts in which the endosmotic power is 
the strongest, ia yet probably in no way related to it. I refer to 
the greater or less indiffiisihility of the salt, which is able to 
help the cathartic effect of the salt, not by aiding the secretion 
of the purgative fluid, but by hindering the absorption of the 
fluid after it has been secreted. It is a general statement, 
accepted even by Aubert and Buchheim, that, other things being 
equal, the higher the endosmotic power of a salt the greater is 

I its purgative action. But these, and other observers, as Liebig, 
who maintain that the endosmotic power of the salt can entu'ely 
account for its puigative action, have erred in attributing to the 
endosmotic power what really is due to indiffueihility ; and the 
association of the two qualities in most salts has been to a 
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certain extent the cause of their error. Graham has left us 
the results of many valuable experiments on the diffuaibility of 
salts, and on looking over these I Bnd that all the purgative, 
salts belong to the leas diffusible groups.* Phosphate of soda 
is the moat iudiS'usihle ; sulphate of magnesia comes next, and 
at some distance below it stand the alkaline tartrates, which 
are succeeded by the sulphate of soda and sulphate of potash, 
and still further down by the alkaline chlorides and nitrates. 
The order, therefore, of the diffusibility of tliese salts, although 
it roughly corresponds to that of their endosmotic power, by no 
means exactly agrees with it. For the sulphate of magnesia ia 
much more indiffusihle than sulphate of soda, and yet is much 
less highly endosmotic. At the same time, allowing for the 
varying degrees of bitterness possessed by the salt, this order 
much more closely corresponds to that of the purgative value of 
the salts. Indeed, were the bitternees of each salts expressed in 
degrees, and this multiplied by the number representing the 
diffusibility of the salt, and the product finally multiplied by 
the dose, a number would be obtained which, omitting the salts 
possessing any purely irritant action, would be nearly constant 
for all the purgative salts. 

If it be granted that the greater in diffusibility of a salt is to 
be associated with an increased purgative eH'ect, it is necessary 
to inquire in what particular manner this quality of the salt 
operates. It cannot afl'ect the stimulation of the secretion ; it 
must act solely by hindering the absorption of the secreted fluid. 
We can readily understand how the salt, being on account of 
its indiffusibility slowly absorbed by the mucous membrane, 
presents a mechanical hindrance to the water in which it is 
dissolved. But does it exert merely a mechanical effect, 
addition, is the indiffusibility of the saline cathartic associated 
with a stronger attraction between the salt and the water 
solution than exists between other more diffusible and non-pur- 
gative salts and water? In the theory of saline purgation 
advanced as the result of the first experiments of this investiga- 
tion, but which 1 have now abandoned, I distinctly assumed 
the existence of such an attractisn or union. The same assnmp 
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tion has been made by several previous observers, among whom 
Buchheim^ has put it to experimental test by exposing to moist 
air equal quantities of several salts, purgative and non-purgative 
and ascertaining after several days their increase in weight. He 
found that the less diffusible or purgative salts absorbed on the 
whole less water than the more diffusible or non-purgative 
salts, and he therefore obtained from this experiment no proof of 
the correctness of his assumption. The method, however, is 
admittedly faulty. 

I have also made an experiment with the same object as 
Buchheim, and although by a different and more satisfactory 
method, yet with practically the same results. I made 10 per 
cent, solutions of a number of purgative and non-purgative 
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salines, and placed them in glass tubes of nearly equal and of 
perfectly uniform diameter, standing exactly vertically, and 
arranged in a circle round a large open beaker containing strong 
sulphuric acid. The whole was covered with a glass bell-jar 
well sealed to a ground glass plate, so that there was no 

^ Buchheim, Beitr&ge z. Lehre v. d. Fndosmose, &c., Archiv. f. physiolog. 
Heilkunde, 1853, S. 217. 

* These readings were made after a slight crystalline eflflorescence, which had 
formed inside the upper empty part of the tube, had been scraped down into the 
solution. 



190 



THK AOnOH OF BAMNB CATaAHTlCS. 



conimunication with the outer atmosphere. The tuhes were 
carefully graduated by lineal meaaurement, not according to 
capacity, and were fiUed to an equal height with the various 
Bolutions. Daily obsei-vations of the decrease of the fluids were 
made for over a period of two mootbe. The room in which the 
tuhes were placed was kept at a tolurubly uniform temperature 
throughout the experiment, In tbe foregoing table I give, with 
one or two exceptions, every eighth observation. 

A second solution of chloride of sodium, it will be observed, was 
placed in a tube a httle narrower than the others, in order that 
I might be able to calculate what efi'ect tbe unavoidable small 
variations in the diameters of the other tubes might have on 
the rate of evaporation. 

The result of the experiment was, as can be readily seen, that 
evaporation proceeds with an almost equal rate in all the saline 
solutions, and that, therefore, in so far as the affinity of salts for 
water can be tested by this method, the atfinity of the purgative 
salts is not greater than that ot non-purgative salts. That a 
salt does, however, diminish tbe rate of evaporation of tbe water 
with which it is dissolved — a fact long recognised — ia shown in 
this experiment by the rate of evaporation gradually diminish- 
ing, as the salt solution becomes more concentrated. This was 
not due to the sulphuric acid beginning to lose its hygroscopic 
action on account of its becoming saturated with moisture, for, 
even after the renewal of the acid, the rate of evaporation still 
continues to diminish. 

As the method which I employed for testing the affinity of 
salts for water is, like Buchheim's, not without many objections, 
I have had recourse to another method, and, without further 
experiment, have availed myself of its results as found in the 
researches of Berthelot,' Thomsen, and others, which have recently 
been welded by tbe first of these into a new system of chemistry 
under the name of Mi^canique Chimiiiue. These chemists 
measure the strength of affinity between two substances by 
estimating the amount of heat developed when they are mixed 
together. Now, most of the hydrated crystalline salts when 
dissolved iu water, instead of evolving heat, absorb it. This has 
long been known, and some measurements of the degree of cold 
' BiTtbelot, Mlcanique CJiimiqiu; Paris, 187fl. 
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rwera made by Fa\Te and Silbermann ; but it is to the more 
recent investigatora that we are indebted for more exact and 
reliable results. If the evolution of beat be evidence of attrac- 
tion, absorption of it can hardly be otherwise regarded than as 
indicating repulsion ; and the greater the absorption of heat the 
greater will be the degree of repulsion. Judged by this view of 
thoir thenno-dynamica, the purgative and less diffusible eaXts, 
owing to their absorbing a large amount of heat when dissolved 
in water, are those which repe) water most, and in this respect 
the phosphate of soda acts the most energetically of all the 
pui-gative soda salts ; wht:reas the non-purgative and less dif- 
fusible salts, aa the chlorides, because they dissolve in water with 
a small absorption of heat, repel water the least. Instead, there- 
fore, of there being a greater aEBnity between purgative or 1p.ss 
diffusible salts and water, there is a less affinity than between 
water and non-purgative or more diifusible salts. 

I Clearly, then, the only way in which a highly indiffusible 
salt, as phosphate of soda, can retard the absorption of the 
intestinal iluid in the course of purgation, is by the presence 
of ita slowly absorbable molecules mechanically hindering 
the free absorption of the molecules of the water in which it is 
dissolved. Molecules of both the salt and water lie in contact 
with the surface of the mucous membrane ; those of the 
former, on account of their being very slowly removed by absorp- 
tion, prevent the ready access of those of the latter to the 
absorptive cells of the membrane. In this manner, therefore 
the less diffusible salts can, casteris paribus, purge more power- 
fully than those more diffusible. 

I have now discussed the two properties to which I believe 
the greater activity of certain salts within the intestines is due, 
I which therefore constitute these salts cathartics, as dis- 
tinguished from other allied salts, which, although not devoid 
of purgative action, yet do not act so powerfully as the cathartic 
salts proper. These two properties are bitterness and slow 
diffuaibility, the one promoting secretion, the other impeding 
absorption. But whilst the possession of these properties may 
explain why certain salts are pre-eminently cathartic, it does 
not explain why other allied salts, as the alkaline chlorides and 
acetates, although devoid of bitterness and easily diiTuaihlB, 
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nevertheless excite more or less secretion wheu directly injected 
into the intestine, or purge when administered by the mouth 
in a sufficiently large doae. Doubtless the strongly irritant 
action of many of these salts, as chloride of sodium and 
nitrate of potassium, is sufficient to account for their pur- 
gative action ; but there arc others of them, as acetate of potaah, 
which cannot be said to be more irritant than the ordinary 
saline cathartics. It is therefore probable, indeed certain, that all 
salts, apai't fiwrn their being bitter and without that thoy causa 
visible redness or inflammation of the rancous membrane, 
can, if sufficiently concentrated, stimulate the mucous 
membrane of the intestine, when brought into contact with it, 
and reflexly provoke the intestinal glands to action; if for 
no other reason tliat that, on account of their concentration, 
they abstract water from the epithelial cells on the mucous 
surface, and thus, by disturbing the cell-protoplasm, affect the 
sensory nerve filaments, wliich terminate in or around the 
protoplasm. This very simple and purely physical effect is 
probably the basis of the action of every salt, if sufficiently con- 
centrated, on living tissue, and, in this particular instance, of 
the purgative and non-purgative salines alike, oi' what might be 
more strictly termed, the more purgative and the less purgative. 
In the former the stimulant action of this property is increased 
by the bitterness, and the purgative ei^ect aided by the slow 
diffusibility of the salt 

It is also to be remembered that the changes, by way of 
decomposition, which certain of the saline cathartics nndei^o ia ' 
their passage through the alimeutaiy canal, may materially 
promote their action. The splitting up of a portion of the 
sulphates of magnesia and soda in the intestines, with the 
absorption of the disengaged sulpliuric acid, will probably result 
in the residual base uniting witb the carbonic acid of the 
intestinal secretion to form a carbonate or bicarbonate, which, 
on account of its being less diffusible and less capable of absorp- 
tion than the corresponding sulphate, wiU increase tlie purgative 
action of the salt. The return of the original acid of the salt 
to the intestine, as indicated in the experiments of Series D., 
taking place, as it evidently does (Experiments C'XVI. and, I 
CXVIL, ycries H.), to a small extent in proportion to the 1 
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amount of the base still within the intestine, will not entiiely 
break up the carboaate formed. Beyond this, I do not believe, 
and therefore in opposition to Headland, that the absorption 
and after excretion of the acid of the salt affects its purgative 
action. The absorbed portion of the salt in the process of its 
excretion probably plays no part in Btimulating the intestinal 
secretion. My reasons for holding this opinion I have already 
stated.^ 

In considering the properties which render certeun salts 
cathartics, I have assumed that the salts possess no spedjic 
stimulating action on the enteric glands, as do those of nearly 
all the heavier metals. In this I may not be altogether 
accnrate, for whilst it may be held as almost indisputably 
proved that the salts of aoda have no such action, otherwise 
there would be evidence of it when they are injected in purgative 
doses into the blood, yet the salts of potash or magnesia may 
possess it in some degree, aa, owing to their highly poisonous 
effect when injected directly into the circulation, it is impossible 
to inject them in a quantity approaching a purgative dose. If 
they do possess a apecific purgative action, it must be to a very 
limited extent, for the still more poisonous salts of the heavier 
metals rarely fail to excite purgation when introduced into the 
blood in less even than a lethal dose. 

In treating of the nature or mode of production of the 
purgative secretion by the salt, I have omitted all references to 
the effect being produced by the action of the salt on any portion 
of the body outside the nervona and glandular structures of the 
intestine, for the simple reason that the application of the salt 
per se to any other portion of the body, either by intravenous 
or by subcutaneous injection, completely fails to cause purgation. 
I do not, however, deny the possibility of the local intestinal 
action being controlled by some nervous influence originat- 
ing in a separate portion of the organism, and altogether 
independent of the action of the salt. The influence may be 
such as either to increase the purgative action or to lessen it, 
and these results it may effect by altering the rate either of 
secretion or of absorption in the intestine. For example, I have 
shown in Experiments XLI. and XLII, that irritation by 
• Supra, p. 110. 
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ligatures of a portion of the intestine distant from the part in 
which the salt is acting, diminishes the purgative action by 
promciting secretion. This effect probably does not take place 
through a purely iDtra-intestinal nerve mechanism ; a much 
more extended nerve-tract is in all probability involved, con- 
sisting at least of the mesenteric nerves and ganglia. Also, 
according to H. C. Wood, division of the vagi in the neck pre- 
vents purgative action by arresting the intestinal secretion. I 
have not, however, succeeded in observing this inhibitory effect 
when a saline cathartic was employed,^ 

The intestinal secretion is also affectfiil by subcutaneous 
irritation in the region of the abdomen (Series of Experiments 
F.), and there can hardly be any doubt that either in a 
normal condition, or when stimulated by a purgative, it may 
be largely affected by many nervous influences, emotional and 
otherwise. 

V, The Action of the Salt mi the Peristaltic Movements of tks 
IntegtintB. 

The detennining whether the salt stimulates these movements 
ia of somewhat less interest, since I have in the course of this 
investigation removed all uncertainty as to the salt exciting 
secretion. In the historical sketch at the commencement of this 
paper, I have remarked how that the German pharmacologists 
are inclined to regard such a stimulation as the principal, or at 
least an important, cause of the catharsis. The experiments of 
Aubert, and Buchbeira and Wagner, but more particularly those 
of Thiry and Radziejewski, form the basis of this belief, without 
that any of their experiments offer direct proof of increased 
peristalsis. Legros and Ouimus,* and Van Eraam Houckgeeat,* 
have, however, by direct experiment, demonstrated that a saline 
' Since writing the earlier jiart of thia paper, in wliich Wood's experiinentB 
aro shortly Gommented on, I have had the opportnnity of peruBiog ■ det«ilsdi 
nccouDt of his experimantB in the A'nierican Jownal of Medical Scicneia, vol. Ix. 
p. 75. I find thut lie does not attribute the effect of the divieion of the vagi to 
any direct influence exertod by tliusn nervos on the secretion of the intestineB, 
but to the Mcumuliition of carltotiie add in the blood and congeation of tha 
portnl circulation, csuaed bf the division of the vftgi. The akartsr Bccaunt of 
hiBBxperimente, wbiuh I had previously read, does not give the Bams explana- 
tion of the action of t^e divided vagi, and I have, tbarofore, felt it incumbent to 
malce this correctiou. 
» Op. c«, " Qf,-ca. 
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purgative, on the contrary, doea not stimulate the movements of 
the inCestiues. The fitneas of the methods employed by the latter 
observers, and the care with which tlieir experiments were con- 
ducted, command acquiescence in their coneluaions. In all those 
of my own experiments in which the inteatines were exposed, 
although I frequently made observation of the peristalsis, I 
could never on any oeeasion satisfy myself that it was increased 
during the action of the salt. I observed, however, in an 
experiment specially instituted, that moderate distension of the 
intestine with what may be regarded as the blandest of all 
ordinary fluids, a | per cent, solution of common salt of the same 
temperature as the body, excited regular contractions of the 
intestinal waU of the distended loop, which ceased immediately 
on removal of the pressure. Although, therefore, the salt does 
not directly stimulate the peristaltic movements of the iatestinea, 
yet it is highly probable that it indirectly does so by distending 
the intestines with the abundaatly poured-out secretion. In- 
creased peristalsis may, accordingly, be a subsidiary factor in 
the action of a saline cathartic, but certainly it is not an 
essential factor. 



B. The Effect of the Saunk Cathaktic on Other Parts of 
THE Body than the Aiimentaey System. 

As the action of the salt on the circulation and urinary secretion 
has already been fully discussed to the extent my experiments 
warrant, and under separate chapters, I shall do no more here 
than briefly recapitulate the conclusions already arrived at. 

I. The Effect on tlus Blood arid Circulation. 

The salt, by exciting a profuse intestinal secretion, removes, 
under all circumstancea, a large amount of fluid from the blood. 
If the salt is administered in very dilute solution, the water of 
the solution by absorption replaces the water of the blood 
removed by secretion. But if the solution of the salt is 
concentrated, little or no replacement occurs, and the total bulk 
of the blood in the body becomes greatly diminished. Thia 
concentration of the blood lasts, however, only for one or two 
hours, because by the end of that time the blood recoups itself 
from the fluids of the tissues. The action, therefore, of a diluted 
dose of a saline cathartic on the blood, and secondarily on the 
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tissue fluids, is considerably different from that of a concentrated 
dose. The use of the latter would seem to be strongly indicated in 
the treatment of many fonns of dropsy where it is desired to 
obtain a rapid and powerful reduction of the dropsical fluid. I 
have already made sueh an application of it, and with the hap- 
piest results.' 

The profuse intestinal secretion removes with it a large 
amount of the salts of the blood, but apparently very little of 
the organic matter, and this will occur whether the solution of 
the salt administered be concentrated or dilute, although the 
more free absorption in the latter case will restore a certain 
proportion of the secreted salts. But if the blood thus loses a 
portion of its natural salts, its inoi^anic matter is increased by 
the presence of the absorbed salt, more of the acid of which 
than of the base would appear to enter the blood. 

A saline cathartic causes, therefore, a partial depletion of the 
blood — partial, in so far as it only removes a portion of the 
inorganic constituents, and more or less of the water, along with 
a mere trace of the dissolved and unformed organic matter, and, 
unlike an ordinary surgical depletion, removes none of the 
formed constituents or corpuscular element. 

After the purgative action o£ the salt is at an end, at any rate 
in so far as the blood, is concerned, the diuretic action of the 
absorbed salt, which is now established, or rather permitted to 
become apparent, causes a second concentration of the blood, 
considerably less in degree than the first, but continuing through- 
out a much longer period. This concentration is probably not 
characteristic of pui^ative salts solely, but is also to be observed 
after the administration of the ordinary diuretic salts. 

The presence of the salt in the blood, and its contact with the 
various tissues and organs, does not, so far as I have been able 
to make out, aHect to any appreciable extent the metabolism of 
the body. 

As regards the effect of the salt on the circulation of the 
blood, the salt appears to increase the blood-pressui'e by causing 
a contraction of the smaller arteries and the capillaries, merely, 
as 1 believe, on account of its mildly stimulating the tunica 
intima of the vessels as it circulates with the blood. 

' Lancd, Apiilal, 1883. 
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II. Thi Effect on the Urinary Secretion. 

The immediate effect of tlie ad ministration of th It a 
in the case of the blood, somewhat dependent on th d f 

concentration of the blood. If the solution t tl 1 
concentrated, and the blood, therefore, rendered 1 n 

trated, the urinary secretion is at first diminishetl. If, on the 
other hand, the solution is very dilute, the secretion may be 
increased by the blood and tidneya removing the excess of 
water from the intestine. In both cases, after some hours, and, 
probably after the salt has ceased to exert any active purgative 
effect, the secretion increases, and a veritable diuresis would 
appear to be established and to continue for nearly a day. 

The salt produces no material alteration of the composition of 
the urine, beyond that due to its own presence. In the case of 
sulphate of magnesia, I have proved that much more of the 
acid of the salt than of the base appears in the urine. This may 
also occur to a certain extent with other purgative salts. 



These are the main results of this lengthy investigation of the 
physiological action of saline cathartics ; and although they 
have mainly been obtained from experiments with sulphate of 
soda, and in a few instances sulphate of magnesia, yet these 
salts are sufficiently typical of the whole group of saline 
cathartics as to perfectly justify the belief that, had other 
members of the group been employed, similar results would 
have been procured. X have to a certain extent pointed out the 
differences in manner of action which distinguish some of tbem. 
They all tolerably closely agree in the ultimate effect they have 
on the alimentary canal and the body generally. They cause 
no irritation or inflammation of the canal; stimulate but in the 
smallest degree the secretion of the more important digestive 
juices, as the gastric, the pancreatic, and the biliary; have under 
ordinary circumstances little action on the blood ; and mainly 
act by increasing the intestinal secretion and by hindering the 
absorption of the intestinal fluid. Their purgative action is, 
therefore, extremely simple. They sweep out the contents of the 
alimentary canal with the least possible disturbance of the 
digestive system and of the other systems of the organism. Few 
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other purgatives, if any, have so simple an action. The value, I 
therefore, which has long been asBigned to them in the treat- I 
meat of the occasional disturbances of digestion, to which 
almost every one is at times subject, and where the indication 
seems to be to empty the canal "cito, tuto, et jucunde," is qi 
justified by the results oE this investigation. 

This is a long research and has involved much labour. It waa 
commenced in the laboratory of the Pharmacological Institute at 
Strassburg under the superintendence of Professor Schmiedeborg, 
where most of the experiments of the A. aeries were made. I 
have already acknowledged my indebtedness to Professor 
Schmiedeberg for his valuable and kindly help in the carrying 
out of these experiments. Aa I did not altogether feel assured 
of the correctness o£ the theory of the mode of action of saline 
cathartics, to which the results of these experiments seemed to 
lead, I reopened the investigation, after my return to Edinburgh, 
in the laboratory of the Pharmacological Department of this 
University, where nearly all the experiments of the remaining 
series were conducted. Hero I have received valuable assistance 
from many friends ; and for such, more than to any other, do I 
feel grateful to Professor Thomas E. Eraser, but for whose kind- 
ness and indulgence the research could not have been continued. 
I have also to warmly thank Dr J. R. Logan, Dr Hosack Fraser, 
Dr. J. O. Liddell, Dr. J. H. Balfour, and Mr. James Stewart, who 
on certain occasions, and sometimes at considerable incon- 
venience to themselves, have kindly given me their help. 



Summary of the Results of this Intestigation. 

1. A saline purgative always excites more or less secretion I 
from the alimentary canal, depending on the amount of tha.1 
salt and the strength of its solution, and varying with the uaturaj 
of the salt. 

2. The excito-secretory action of the salt is probably due t 
the bitterness as well as to the irritant and specific properties otJ 
the salt, and not to osmosis. 

3. The low diffusibility of the salt impedes the absorption otM 
the secreted fluid. 
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4. Between stimulated secretion on the one hand, and 
impeded absorption on the other, there is an accumulation of 
fluid in the canal. 

5. The accumulated fluid, partly from ordinary dynamical 
laws, partly from a gentle stimulation of the peristaltic move- 
ments excited by distension, reaches the rectum and produces 
purgation. 

6. Purgation will not ensue if water be withheld from the diet 
for one or two days previous to the administration of the salt in 
a concentrated form. 

7. The absence of purgation is not due to the want of water 
in the alimentary canal, but to its deficiency in the blood. 

8. Under ordinary conditions, with an unrestricted supply of 
water, the maximal amount of fluid accumulated within the canal 
corresponds very nearly to the quantity of water required to form 
a 5 or 6 per cent, solution of the amount of salt administered. 

9. If, therefore, a solution of this strength be given, it does 
not increase in bulk. 

10. If a solution of greater strength be administered, it rapidly 
increases in volume until the maximum is attained. This it 
accomplishes in the case of a 20 per cent, solution in from one 
to one and a half hours. 

11. After the maximara has been reached, the fluid begins 
gradually and slowly to diminish in quantity. 

12. Cwteris paribus, the weaker, or in other words, the more 
voluminous the solution of the salt administered is, the more 
quickly is the maximum within the canal reached ; and accord- 
ingly purgation follows with greater rapidity. 

13. Unless the solution of the salt is more concentrated than 
10 per cent, it excites little or no secretion in the stomach, 

14. The salt is absorbed with extreme slowness by the 
stomach of the cat. 

15. The salt excites an active secretion in the intestines, and 
probably for the most part in the small intestine, all portions of 
this viscus being capable of yielding the secretion in almost 
equal quantities. 

16. The bile and pancreatic juice participate but very little 
in the secretion. 

17. The secretion is probably a true sucais enterieus, re- 
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Bembling tbe secretion obtaiued by Moreau after division of tl 
mesenteric nerves, 

18. The secretion is promoted by local irritation of 1 
inteatine, aa by ligatures, bat only in the immediate vicinity 
the irritation. 

19. Absorption by the intestine generally is reflexly stimulal 
by such irritation (the effect of numerous ligatures applied 
points remote from the seat of the injected salt being to diminial 
the amount of purgative fluid by accelerated absorption). 

20. If the salt solution be injected directly into the 
inteatine, the stronger within certain limits the solution is, thi 
greater will be the accumulation of fluid within the inteatine. 

21. This difference is not observed when the salt is admini 
tered par os, as the strong solution becomes diluted in 
stomach and duodenum before passing into the intestli 
generally, 

22. Tho difference is due to the local action of the salt on tl 
mucous membrane, and probably more to an impeded absorptioi 
than to a stimulated secretion. 

23. When the salt is administered in the usual manner, it 
appears, in the caae of the sulphate of magnesia and sulphate of 
soda, to become split up in the small intestine, the acid being.: 
more rapidly absorbed than the base. 

24. A portion of the absorbed acid shortly afterwards retui 
to the intestines. 

25. After the maximum of excretion of the acid has be( 
reached, the salt begins very slowly and gradually to disap] 
by absorption, which is checked only by the occuiTence 
purgation. 

26. During the alternations of absorption and secretion of tl 
acid, it is the salt left within the intestine which excites 
tion, the absorbed and excreted acid exerting no such action 
whilst in the blood, or during the process of its excretion, as 
Headland believed. 

27. The salt does not purge when injected into the blood, 
excites no intestinal secretion. 

28. Nor does it purge, when injected subcutaneously, unless 
in virtue of its causing local irritation of the abdominal sub- 
cutaneous tieeue, which acts reflexly on the intestines, dilal 
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F their blood-veaaeU, and perhaps stimulating their muBCular 
movements. 
29. The sulphate of soda exhibita no poisonous action when 
I injected into the circulation. 

to. The sulphate o£ magnesia is, on the other hand, powerfully 
toxic when so injected, paralysing first the respiration and 
afterwards the heart, and abolishing sensation or paralysing the 
' sensory-motor reflex centres. 

31. Both salts, when administered in the usual manner, 
produce a gradual but well-marked increase in the tension of 
the pulse. 

32. According as the salt-solution within the intestine 
I increases in amount, there occurs a corresponding diminution oE 

tbe fluids of the blood. 

33. The blood recoups itself in a short time by absorbing 
from the tissues a nearly equal quantity of their fluids. 

34. The salt, after some hours, causes diuresis, and with it a 
second concentration of the blood, which continnes so long as 
the diuresis is active. 

85. As the intestinal secretion excited by the salt contains a 
very small proportion of organic matter as compared with the 
inorganic matter, the purgative removes more of the latter than 
the former from the blood. In certain cases a large quantity of 
the salts of the blood is thus evacuated. 

36, The amount of the normal constituents of the urine is not 
affected by the salt. 

17. After the administration of sulphate of magnesia much 
more of the acid than of the base is excreted in the urine. 

38. The salt has no specific action in lowering the internal 
temperature of the body, or has it only to a very small extent. 
9. It reduces, however, the absolute amount of heat in the 
I body. 
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